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ABSTRACT 
 Highly refined perceptual and decision-making skills are fundamental to the umpiring 
process in all sports although there has been little applied research which considers ways to 
improve umpires‟ perceptual and decision-making skills. Contemporary research has shown 
that video-based decision-making tests reliably separate highly skilled Australian football 
umpires from their lesser skilled counterparts. To date however, no studies have considered 
whether video-based protocols can be used as a training tool to enhance perceptual-
cognitive learning for Australian football umpires. Consequently, in this dissertation, three 
interconnected studies were undertaken to develop and evaluate the effectiveness of a 
video-based training program to improve Australian football umpires‟ decision-making. 
 Video-based methods of assessment have been commonly used to evaluate 
perceptual-cognitive performance of sports athletes and officials however, a major 
limitation of these studies is that they have not indicated whether their decision-making test 
had good reliability and/or validity. Study 1 of this PhD project sought to address this issue, 
by developing a valid and reliable video-based testing tool to monitor Australian football 
umpires‟ decision-making performance. The video-based decision-making test was 
developed from a pool of 156 video-based decision-making situations that were extracted 
from 23 Australian Football League games. The individual video-clips presented between 
6-15 seconds of game play and all audio information was removed to ensure this did not 
influence participant responses. Face, content and construct validity were demonstrated, 
which indicated that the testing instrument was a representative measure of decision-
making skill in Australian football umpires. The reliability study also provided evidence 
that 48 clips consistently measured decision-making skill over a two week time period. This 
investigation provided evidence of a reliable and valid decision-making test which can be 
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used (pre and post) to detect improvements in decision-making following the 
implementation of a video-based intervention (Study 2). 
Study 2 investigated whether a 12-week video-based training intervention improved 
umpire decision-making. Metropolitan and regional Victorian Division One Australian 
football umpires were assigned to an intervention and control group. The intervention 
group completed one 20-minute video-based decision-making session per week, which 
presented between 60 and 225 decision-making situations. In total, 1040 different decision-
making scenarios were presented over the duration of the program. In contrast to previous 
video-based training, the current investigation provided no explicit instruction or feedback. 
The control group only completed the pre and post decision-making tests. Decision-making 
performance of the intervention group significantly improved over time (p < 0.01), 
however no significant differences were observed in the control group (p = 0.94). The 
significant improvement of the intervention group mirrors the findings of other perceptual-
cognitive research however, this study extended previous work by incorporating a greater 
number of decision-making trials and a discovery learning style. Findings indicated that 
decision-making skills can be improved without explicit instruction and in game 
experience.  
In addition, when separated according to umpire experience, participation in the 
video-based training program assisted less experienced umpires achieve the same decision-
making standard on the video-based retention test as experienced umpires who did not 
complete any decision-making training (p = 0.85). Furthermore, decision-making 
performance of experienced umpires also showed significant improvement following 
participation in the video-based program (p = 0.02).  
Study 3 implemented a case study approach to investigate whether decision-making 
skills trained via video-based methods transferred to in-game performance. In-game 
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performance of three participants from Study 2 (intervention group) were monitored 
(video-recoded and coded) during the Australian football season. In addition, qualitative 
methods were used to provide an understanding of the cognitive decision-making process 
of the three umpires. During the five monitored games each participant wore a voice 
recorder and were asked to „think out loud‟, providing a verbal report of their in-game 
decision-making process. Following the assessment of all five games, semi-structured 
interviews were conducted to provide further understanding of cognitive processes 
associated with each umpires‟ decision-making.  
Findings identified six themes that related to the in-game decision-making process 
(e.g., decision evaluation, player intention during game-play) and in-game umpire 
performance (e.g., anticipation, game-play instructions, player education, knowledge of 
game-play). Results supported the notion of skill transfer between video-based training and 
in-game decision-making performance, with all three participants improving their in-game 
decision-making performance from the first two games to the last two games analysed. This 
study provides initial evidence that video-based decision-making training can enhance in-
game decision-making performance. Therefore, confirming that there is potential for skills 
developed through video-based training to transfer to in-game decision-making 
performance. 
As this was the first study to develop and evaluate the effectiveness of a video-based 
training program to improve Australian football umpires‟ decision-making, this PhD makes 
a significant and meaningful contribution to empirical knowledge. This study provides 
insight into the need for valid and reliable decision-making tests, and consideration of these 
constructs in future research will ensure a comprehensive approach to investigate the 
potential transfer of decision-making skills from video-based training programs to in-game 
performance. From a practical perspective, the findings from this study highlight the value 
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of video-based decision-making activities to accelerate the decision-making performance of 
umpires without the need for extensive time commitment and/or in-game experience. This 
has important implications for the development of future Australian football umpires, 
particularly as the current video-based program can be modified and/ or used in current 
umpire training without the need for large time investment by umpire coaches. 
Furthermore, positive transfer from video-based training to in-game performance was 
evident, thus, confirming the potential for video-based training to improve in-game 
performance. Whilst further research using high quality research designs is required, this 
dissertation serves to guide further video-based training research across multiple decision-
making domains in sport (i.e., umpires/referees, players).  
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CHAPTER 1 
INTRODUCTION 
 
Sport expertise has been defined as the ability to consistently demonstrate superior 
athletic ability (Janelle & Hillman, 2003), and perceptual-cognitive skills are well 
documented as an important construct that contributes to sport expertise (Berry, Abernethy, 
& Côté, 2008; Borgeaud & Abernethy, 1987; Farrow, McCrae, Gross, & Abernethy, 2010; 
Helsen & Starkes, 1999; Savelsbergh, Williams, Van Der Kamp, & Ward, 2002; Williams, 
Davids, Burwitz, & Williams, 1993). Perceptual-cognitive skills are defined as the 
cognitive processing of environmental information that informs decision-making 
(Marteniuk, 1976). In a sporting context, skilled performers utilise the most important 
game-play information to guide successful game actions or decisions (Williams, Davids, & 
Williams, 1999).  
To identify the attributes that contribute to perceptual-cognitive advantage, early 
investigations aimed to empirically demonstrate the skills that differentiated skilled and less 
skilled performers. For example, skilled chess players (Chase & Simon, 1973; de Groot, 
1965) and electricians (Egan & Schwartz, 1979) could recall structured patterns from a 
task-specific presentation. Subsequent research considered whether the perceptual-
cognitive advantage was evident within a sporting context (Abernethy, 1990; Allard, 
Graham, & Paarsulu, 1980; Berry et al., 2008; Starkes, 1987). Early research used the 
presentation of static images (Allard & Starkes, 1980; Allard et al., 1980; Allard & Burnett, 
1985; Starkes, 1987) to examine performance differences of skilled and less skilled 
athletes, however, these studies were limited as the images did not accurately represent a 
dynamic sporting environment. Accordingly, video presentations of dynamic game-play 
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scenarios have been presented (Berry et al., 2008; Borgeaud & Abernethy, 1987; Farrow et 
al., 2010; Helsen & Starkes, 1999; Savelsbergh et al., 2002; Williams et al., 1993). Overall, 
studies using both static and dynamic presentations have provided a solid evidence base by 
consistently demonstrating that skilled athletes possess a perceptual-cognitive advantage 
with superior performance on tasks such as recognising and recalling structured game-play 
patterns (Allard & Starkes, 1980; Allard et al., 1980; Allard & Burnett, 1985; Farrow et al., 
2010; Starkes, 1987; Williams et al., 1993); anticipating future events(Helsen & Starkes, 
1999; Savelsbergh et al., 2002); and making more appropriate game-play decisions (Berry 
et al., 2008).  
In sport, video-based methods have been used to isolate the perceptual-cognitive 
characteristics that separate skilled performance (Berry et al., 2008; Borgeaud & 
Abernethy, 1987; Farrow et al., 2010; Helsen & Starkes, 1999; Savelsbergh et al., 2002; 
Williams et al., 1993). Contemporary research has explored whether video-based methods 
can be used to facilitate the acquisition of perceptual-cognitive skills. Initial video-based 
perceptual-cognitive training investigations focused on one-one-one interceptive tasks such 
as anticipating the direction of a serve in racquet sports (Abernethy & Russell, 1987; 
Abernethy, 1990; Goulet, Bard, & Fluery, 1989). Based on the positive findings from these 
studies and with technological improvements video-based programs of dynamic open-play 
situations have been developed for field hockey (Williams, Ward, & Chapman, 2003) and 
basketball (Gorman & Farrow, 2009). As athletes have shown significant improvement in 
closed and open skill situations following video-based training, this approach (video-based 
training) has also been considered to improve decision-making performance of sports 
officials (Catteeuw, Gilis, Jaspers, Wagemans, & Helsen, 2010; Catteeuw, Gilis, 
Wagemans, & Helsen, 2010; Mascarenhas, Collins, Mortimer, & Morris, 2005; Schweizer, 
Plessner, Kahlert, & Brand, 2011). Findings have provided empirical evidence indicating 
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that video presentations in conjunction with explicit instruction and feedback can improve 
the decision-making performance of soccer (Catteeuw, Gilis, Jaspers et al., 2010; Catteeuw, 
Gilis, Wagemans et al., 2010; Schweizer et al., 2011) and rugby union referees 
(Mascarenhas, Collins, Mortimer, & Morris, 2005).  
Despite encouraging findings for the use of video-based training programs to improve 
umpire decision-making performance (Catteeuw, Gilis, Jaspers et al., 2010; Catteeuw, 
Gilis, Wagemans et al., 2010; Mascarenhas, Collins, Mortimer, & Morris, 2005; Schweizer 
et al., 2011), a major limitation associated with these investigations is the lack of reported 
validity and reliability of the tests implemented. Accordingly, it is unknown whether video-
based tests used in these studies accurately measure decision-making performance changes, 
or results are a by-product of an unreliable test (Hopkins, 2000). Therefore, to advance 
current knowledge in this area further empirical evidence, using valid and reliable tests are 
required.  
In addition to reliability and validity issues, no umpire video-based training 
investigations have considered the retention of decision-making performance following 
training. In relation to athletes (anticipation performance) there is a lack of consistency in 
study findings, thus making it difficult to determine the retention of skills following video-
based training (Farrow & Abernethy, 2002; Gabbett, Rubinoff, Thornburn, & Farrow, 
2007). Consequently, further research is required both with athletes and officials to 
determine the potential long term performance benefits associated with video-based 
training.  
Video-based training programs significantly improve decision-making performance 
(Catteeuw, Gilis, Jaspers et al., 2010; Catteeuw, Gilis, Wagemans et al., 2010; 
Mascarenhas, Collins, Mortimer, & Morris, 2005; Schweizer et al., 2011), however, it is 
unknown whether this improvement transfers to actual in-game decision-making 
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performance. Several investigations training athletes anticipation performance have 
suggested that video-based training can transfer to physical performance in a laboratory 
(Farrow & Abernethy, 2002; Smeeton, Williams, Hodges, & Ward, 2005; Williams et al., 
2003) or „mock game‟ situation (Gabbett et al., 2007). However, to date only one study has 
examined the potential transfer of athlete decision-making performance to competitive in-
game performance (Gorman & Farrow, 2009). Gorman and Farrow, found no in-game 
decision-making improvement, therefore, further research is required to determine whether 
video-based decision-making training can improve in-game decision-making performance. 
 
AUSTRALIAN FOOTBALL UMPIRE DECISION-MAKING PERFORMANCE 
Sport officiating is a demanding task that requires fast and accurate processing of 
game-play information which enables an appropriate decision to be made (Ollis, 
MacPherson, & Collins, 2006). For this dissertation the term umpire and referee will be 
used interchangeably depending on the sporting context discussed (i.e., Australian football 
= umpire; soccer and rugby union = referee), and therefore within the literature review the 
term used in the original article will be used. For sports such as Australian football, soccer 
and rugby union, the official is classified as an „Interactor‟ as they are actively involved 
within the playing area while monitoring a high number of athletes/cues (MacMahon & 
Plessner, 2008). Interactor officials also have an impact on the game ensuring the rules are 
enforced to maintain the safety of the athletes (MacMahon & Plessner, 2008).  
According to the Australian Football League (AFL) laws of the game, law 8.2.1 states 
that “field umpires shall officiate and have full control of a match” (Australian Football 
League, 2012a, p. 23) (see Appendix 1 for brief description of the game). The umpire is 
responsible for applying the laws of the game (which ensures flow and control of the game 
are maintained) to ensure it is played in a safe and fair manner (MacMahon & Plessner, 
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2008; Panozzo & Thomas, 2005). The majority of Australian football game laws are 
definitions regarding illegal player contact situations, for example: for the infringement 
„push in the back‟ Law 15.4.5 (b) states that “a player makes prohibited contact with an 
opposition player if the player pushes an opposition player in the back” (Australian 
Football League, 2012a, p. 52). 
Decision-making is a key component of an umpire‟s in-game performance (Helsen & 
Bultynck, 2004) however the current AFL umpire manager (Jeff Gieschen) identified that 
in 14% of decision situations umpires make an incorrect decision (Warner, 2010). The 
media often highlight incorrect decisions, with headlines such as: “Ump was wrong: 
Gieschen” (MacGugan, 2011); “Petrie decision wrong” (Burton, 2011); and “Umpires boss 
admits incorrect decisions” (Essendon Football Club, 2011). Within all of these articles the 
implications of the incorrect decision were discussed, and the potential for it to have a 
profound effect on the result of the game also mentioned. In addition to the media 
highlighting the effects of incorrect decisions, one AFL team head coach stated that a 
pivotal incorrect decision cost his team a place in the 2009 AFL Grand Final (Broad, 2009). 
Thus, incorrect decisions may not only have implications for the outcome of the game, but 
also for a team‟s season. 
Despite the importance and value of correct decision making, as Australian football is 
played on a large playing area (between 135-185 metres in length and 110-155 metres in 
width) with the modern game quicker and more physical than ever (Wisbey, Montgomery, 
Pyne, & Rattray, 2010), the majority of training time is allocated to physical fitness (sprint 
and endurance running). Furthermore, considering Australian football is the only sport that 
requires the umpire to be trained on the performance of a physical skill during the game 
(i.e., bouncing the ball to restart play), additional practice time is dedicated to this, which 
leaves limited time for enhancing decision-making performance. As little training time is 
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allocated to directly practicing decision-making skills (Catteeuw, Helsen, Gilis, & 
Wagemans, 2009) it is acknowledged that the best source of decision-making practice for 
umpires is the games they officiate (Catteeuw et al., 2009; MacMahon, Helsen, Starkes, & 
Weston, 2007).  
 
STRUCTURE AND AIMS OF THE DISSERTATION 
The present dissertation is designed to progress the scholarly and applied knowledge 
of video-based training programs to improve decision-making performance. Chapter 2 
presents a detailed review of the perceptual-cognitive research, providing background and 
justification for the aims of the dissertation. An emphasis is placed on video-based training 
methodologies, particularly how previous literature can guide decision-making training 
programs for Australian football umpires. Following the literature review (Chapter 2) the 
dissertation is comprised of three studies that are presented as individual chapters: Study 1 
(Chapter 3); Study 2 (Chapter 4); and Study 3 (Chapter 5).  
Evidence exists supporting the use of video-based tests to assess and monitor 
decision-making performance, however, to date, there are measurement issues that have not 
been considered. Study 1 (Chapter 3) contributes to the current knowledge by evaluating 
the validity and reliability of a new video-based decision-making test for Australian 
football umpires. The specific aims of Study 1 were to: 
(i) develop a video-based testing tool to examine the decision-making skill of 
Australian football umpires; and 
(ii) establish the validity and reliability of this test prior to using this measure to 
assess decision-making performance.  
With emerging research describing the benefits of video-based training programs, 
Study 2 (Chapter 4) examined whether a newly developed video-based decision-making 
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training program improved Australian football umpires‟ decision-making performance. 
Previous training programs have relied on explicit instruction (Catteeuw, Gilis, Jaspers et 
al., 2010; Catteeuw, Gilis, Wagemans et al., 2010; Mascarenhas, Collins, Mortimer, & 
Morris, 2005; Schweizer et al., 2011), and research suggests that this training modality may 
contribute to performance decreases during in-game competition (Masters, 1992; Raab, 
2003; Smeeton et al., 2005). Therefore, Study 2 used a discovery style training program as 
it was anticipated that this style of intervention would enable more robust learning to occur 
and potentially better transfer to in-game performance. The specific research aims of Study 
2 were to: 
(i) investigate the effects of a video-based training program to improve umpires‟ 
decision-making performance; and 
(ii) assess the effects of video-based decision-making training on experienced and 
less experienced umpires. 
Study 3 (Chapter 5) determined whether video-based decision-making training 
improves umpires‟ in-game decision-making performance. Furthermore, Study 3 utilised 
qualitative research methods to understand the decision-making processes that contribute to 
umpires‟ decision-making performance. The aims of Study 3 were to: 
(i) determine whether decision-making skills transferred from video-based 
decision-making training to in-game performance; and  
(ii) investigate and describe the cognitive processes that support the in-game 
decision making of umpires. 
Finally, Chapter 6 presents the conclusions and recommendations of the overall 
dissertation. Future research directions are also described.  
The present dissertation makes a significant and meaningful contribution to empirical 
knowledge associated with assessment, development and cognitive processes associated 
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with Australian football umpire decision-making performance. From a practical 
understanding, this dissertation provides evidence to justify the use of video-based training 
programs to enhance the decision-making performance of umpires and refine the officiating 
of field-based team sports. 
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CHAPTER 2 
LITERATURE REVIEW 
 
The aim of this literature review is to explain the relationship between perceptual-
cognitive skills and performance, and critically review how these skills have been trained 
within sports. Further, the review aims to critique and review the known research-based 
interventions that elicit decision-making performance improvements in umpires. This 
Chapter begins by discussing the origins of the perceptual-cognitive literature, and then 
presents the sport-specific literature relating to current testing and training methodologies. 
Finally, this chapter examines the literature related to the specific domain of the sporting 
official, and critiques the current umpire training literature.  
 
PERCEPTUAL-COGNITIVE SKILLS AND PERFORMANCE 
Early investigations of perceptual-cognitive skills examined the perceptual-cognitive 
skill differences between expert and novice performers, in both chess and electronics 
(Chase & Simon, 1973; de Groot, 1965; Egan & Schwartz, 1979). In reviewing these 
studies Ericsson (2003) identified that the examination of expert performance provided 
empirical evidence relating to the true potential of human achievement. By understanding 
the skills that underpin expert performance, a knowledge base of attributes that differentiate 
skilled performers can be developed (Williams & Grant, 1999). By isolating the skills that 
are advantageous to an expert‟s performance, interventions can be developed to facilitate 
the acquisition of skills and lead to the development of future skilled performers 
(Abernethy, Neal, & Koning, 1994). 
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Perceptual differences between skilled and less skilled performers have been 
examined for nearly half a century. de Groot (1965) first investigated the pattern recall 
paradigm which was used to investigate the encoding and retrieval differences between 
expert and novice performers. de Groot exposed chess masters (n = 5) and club chess 
players (n = 5) to a visual image of a game configuration for 5 to 10 seconds and then asked 
participants to recall and reconstruct the configuration of chess pieces on the game board. 
Findings illustrated that chess masters had a significant recall advantage over the less 
skilled club players (an accuracy of 93% and 51%, respectively). de Groot attributed this 
recall advantage of the chess masters to a greater visual short-term memory, however the 
results are limited by the small sample size.  
Chase and Simon (1973) extended the work of de Groot (1965) by including three 
different skill levels of chess players: a chess master (n = 1), an A-level player (n = 1) and a 
beginner chess player (n = 1). Chase and Simon also included two types of images to recall, 
structured and unstructured board configurations. The structured images were 
representations of actual game board positions during game-play, whilst the unstructured 
images consisted of boards with random arrangement of chess pieces. Similar to the results 
from de Groot‟s study, the chess master outperformed the other players (A-level and 
beginner) in the recall of the structured images (Chase & Simon, 1973). In addition the A-
level player outperformed the beginner. On the unstructured images no significant 
differences were present between the three skill levels. Thus indicating that skilled 
performers do not possess superior visual short-term memory, but possess a superior ability 
to perceive and accurately recall domain-specific information (Chase & Simon, 1973). 
Findings from this study therefore indicate that skilled performers are still constrained by 
the capacity of short-term memory, which is considered to be seven (± two), pieces or 
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chunks of information (Miller, 1956), however a limitation of this study is the small sample 
size within each level of competition.  
Based on their findings, Chase and Simon (1973) proposed the perceptual chunking 
hypothesis to explain chess master‟s ability to recall and reconstruct structured game-
specific information. This hypothesis states that experts have a superior perceptual ability 
to chunk information into larger perceptual pieces of information than less skilled players 
(Chase & Simon, 1973). The chunking process involves skilled perception as participants 
code the position of several pieces or larger chunks, store a chunk in short-term memory 
and then reconstruct this at the time of recall (Chase & Simon, 1973). Chase and Simon 
identified two critical features to perceptual chunking: (i) the chunks are independently 
perceived; and (ii) the recall requires reconstruction of the chunk from short-term memory. 
Research conducted with skilled workers in electronics expanded the understanding 
of why experts possess a perceptual advantage (Egan & Schwartz, 1979). Skilled (n = 6) 
and less skilled (n = 6) electronic technicians were asked to recall symbolic electronic 
drawings, which presented common wiring patterns and circuit symbols. Participants 
completed 36 trials which included structured and unstructured drawings. Results indicated 
that skilled electronic technicians recalled the positions of electronic symbols (in a wiring 
circuit) significantly better than less experienced technicians. This supported the findings of 
Chase and Simon (1973) that experienced individuals can recall structured patterns 
significantly better than less skilled individuals. However, in contrast to Chase and Simon 
(1973), Egan and Schwartz (1979) proposed the conceptual chunking hypothesis to explain 
the difference between skilled and less skilled individuals. The conceptual chunking 
hypothesis suggested skilled performers link the chunks to the organisation of task-specific 
knowledge within long-term memory. Therefore it is believed within the literature that 
skilled individuals do not store chunks within short term memory, but have a greater 
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amount of task-specific knowledge within long term memory enabling them to recall more 
information from task-specific presentations (Egan & Schwartz, 1979; Ericsson & Kintsch, 
1995; Helsen & Starkes, 1999).  
The early perceptual-cognitive research in chess and electronics provided the initial 
evidence for task-specific perceptual advantage, especially relating to the identification and 
recall of task-specific patterns. By distinguishing between skilled and less skilled 
individuals, these findings were significant in progressing knowledge regarding expert 
advantage. While these investigations provided a basis for understanding the differences in 
perceptual-cognitive performance they provided little insight into the underlying learning 
process that contributes to the differentiation in perceptual-cognitive performance.  
 
SPORT-BASED RESEARCH 
In a sporting context, researchers have examined the perceptual-cognitive differences 
to understand why skilled sport performers have an advantage over their lesser skilled 
counterparts. The following section describes the perceptual-cognitive research within the 
sporting domain, and outlines the skills that contribute to sport-based skilled performance.  
 
GENERALISED MEASURES  
In sport, coaches and spectators believe that quick reflexes and visual acuity are the 
abilities required to make great players (Starkes, 1987). These generalised assumptions led 
to early sport researchers focussing on standard reaction time and visual abilities such as 
visual acuity and peripheral vision, as a measure of skilled performance. For example, 
Starkes (1987) examined generalised measures of reaction time between three groups: 
expert hockey players (n = 23), moderate ability hockey players (n = 10), and physical 
education students (n = 10). Findings indicated that the simple visual reaction times of the 
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expert group were not superior to other groups. This finding was replicated by Abernethy et 
al. (1994) who found no significant difference between expert (n = 7), intermediate (n = 7) 
and novice (n = 15) snooker players on a range of standard optometry tests including visual 
acuity, ocular muscle balance, colour vision, and depth perception. Thus indicating, expert 
and novice performers are not distinguished by the physical characteristics of the central 
and sensory nervous systems. Abernethy et al. (1994) also measured sport-specific 
perceptual-cognitive tasks such as, recall of structured in-game patterns and recognition of 
game-play images, and found significant differences between skill level groups on the 
sport-specific tests. This demonstrates that experts have developed specific processing 
strategies for the task-specific information and consequently can perform at a superior level 
when presented with structured game-play stimuli (Abernethy et al., 1994). 
Investigations of hockey (Starkes, 1987) and soccer (Helsen & Starkes, 1999) athletes 
also support the findings demonstrated by Abernethy et al. (1994). These investigations 
have shown that visual skills, such as reaction time, depth perception and visual acuity do 
not reliably discriminate skill levels (Helsen & Starkes, 1999; Starkes, 1987). This has been 
further supported by Abernethy and Wood (2001) who investigated whether visual training 
programs (aimed to enhance visual skills, such as visual acuity and peripheral vision) 
improved motor performance. Results indicated that visual training does not provide 
improvements in either basic visual function or motor performance (Abernethy & Wood, 
2001). These investigations (Abernethy & Wood, 2001; Helsen & Starkes, 1999) have 
concluded that there is no direct relationship between visual ability and elite performance. 
Consequently, performance differences are potentially due to cognitive involvement during 
perception, such as pattern recognition and advance cue utilisation (Starkes, 1987). The 
following section will discuss the role of perceptual-cognitive skills on expert performance.  
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PATTERN RECALL OF GAME-PLAY INFORMATION  
Within the sport-based literature, the pattern recall paradigm has been examined 
using two different types of pattern presentation style (static image and video 
methodology).  
Static Image Presentation. The first identified study that examined expertise in sport 
was conducted by Allard, Graham and Paarsulu (1980) who adapted de Groot (1965) and 
Chase and Simon‟s (1973) pattern recall paradigm for basketball. This adaptation allowed 
research investigations to move from cognitive tasks (i.e., chess) to invasion team sports, 
which are epitomised by offensive and defensive interaction and a constantly-changing 
game environment. Allard et al. examined players and non-player‟s ability to recall the 
positions of offensive and defensive players. Using the protocol of Chase and Simon (1973) 
structured and unstructured patterns of player were presented on static slides. The 
structured images consisted of offensive game-play information, while the unstructured 
images depicted a turnover or rebound situation and as a result, reflected a more random 
configuration of players. The results supported the earlier pattern recognition work of 
cognitive tasks (Chase & Simon, 1973; de Groot, 1965), demonstrating that compared to 
non basketball players, basketball players had a superior ability to recall player positions 
from a structured game-play situation. No significant differences were found between the 
groups on the unstructured slides. This finding mirrors other cognitive-based research, 
illustrating that experts do not possess superior short-term memory (Chase & Simon, 1973; 
de Groot, 1965). However, information that is recalled at a superior level is task-specific to 
the expert‟s knowledge base. Compared to novices, experts are able to chunk richer and 
more meaningful details from the static image (Allard et al., 1980). 
Expert performers possess many skills that differentiate them from novice 
performers, including pattern recall and recognition, and the ability to detect important 
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visual stimuli within a task-specific environment. Allard and Starkes (1980) examined this 
detection ability by conducting several experiments exploring the signal detection 
paradigm, which assesses the athlete‟s ability to detect a signal with a visual representation. 
Skilled and less skilled volleyball players were assessed on their ability to detect the 
presence of a ball in structured and unstructured volleyball static images, with participant‟s 
response time and accuracy recorded. Allard and Starkes found that the skilled performers 
were significantly faster than less skilled performers in the detection tasks. A follow-up 
study presented unstructured slides (which were inverted images of the volleyball court) 
and showed that skilled performers were quicker than less skilled performers at detecting 
the ball. Furthermore, when the performers were asked to detect other task-specific 
information including the referee, skilled performers were faster and more accurate at 
detecting the ball than detecting the referee. These findings indicate a task-specific demand 
for detecting certain objects within a specific environment, such as the ball. While the 
detection task alone cannot differentiate between skill levels (as all participants accurately 
detected the ball within the visual presentation) the difference in the detection speed 
between skilled and less skilled performers may be due to experience in the structured 
game-play environment (Allard & Starkes, 1980).  
As research has demonstrated that skilled performers can recall task-specific 
information due to conceptual chunking (Allard & Starkes, 1980; Egan & Schwartz, 1979), 
Allard and Burnett (1985) examined the amount of information an expert performer can 
chunk from a brief visual glance. Expert (n = 11) and novice (n = 4) basketball players, 
were given a schematic of a basketball play on a board and the number of glances 
participants took to complete the reconstruction of the schematic were recorded. Allard and 
Burnett stated that a single chunk of information would be reproduced rapidly, while a 
pause in the recall procedure would indicate a chunk boundary being crossed. This meant 
16 
 
the first glance represented the first chunk of information, the second glance the second 
chunk and so on. Results showed that expert players took less glances to recall the 
schematic of task-specific information compared to their novice counterparts. Thus, due to 
their ability to chunk information in meaningful units, experts can absorb more task-
specific information in a single glance (Allard & Burnett, 1985).  
Further research regarding the advantages experts possess over less skilled 
participants was conducted when Starkes (1987) examined differences in pattern 
recognition between hockey players. National-level (n = 23), university-level (n = 10) and 
novice players (n = 10) ability was assessed by presenting 40 static images of hockey 
game-play. These images depicted 20 structured images of player formations around the 
goal area, and 20 unstructured images of a turnover, or transition component of the game. 
Images were presented for 8 seconds and participants were asked to recall the positions of 
all players. Similar to previous studies, no significant differences were found between 
groups for the unstructured static trials, indicating that experts were constrained by the 
limitations of short-term memory. On the structured task, national-level players were 
significantly more accurate at recalling player positions compared to less skilled players 
(university and novice level), while the university-level players also outperformed the 
novice players. Thus showing experts can more efficiently chunk task-specific information, 
by perceiving the inherent patterns in the structured images, as opposed to merely recalling 
the individual locations of the players from memory (Egan & Schwartz, 1979). The ability 
of an expert to recall more pieces of information is not purely dependant on the capacity of 
the short-term memory, but further enhanced by the extensive task-specific knowledge base 
stored in long-term memory.  
To further understand the conceptual chunking hypothesis researchers sought to 
understand the skills that separated skilled and less skilled performers. Garland and Barry 
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(1991) examined the pattern recall ability of 40 American football coaches and 40 non-
expert coaches on a task that required participants to recall schematic American football 
diagrams. Participants were presented with each slide for 5 seconds and a total of 20 
diagrams were shown via a slide projector. Results found that experts recalled larger 
perceptual chunks and this is likely to have occurred as they were able to extract 
meaningful and familiar material from long-term memory (Garland & Barry, 1991). 
Importantly, experts were still constrained by the limitations of seven, plus or minus two 
pieces of information within short-term memory (Miller, 1956); however, the 
discriminating factor between experts and novices was that experts chunked the 
information into larger more meaningful pieces. Accordingly, level of expertise can be 
determined by the presentation of structured game play information, as the expert 
performers are by far superior to the novice performers (Chamberlain & Coelho, 1993). In 
contrast, experts perceptual advantage does not exist on unstructured game patterns 
possibly because they do not correspond to task-specific information in long-term memory. 
A limitation associated with the use of static images is that it limits information regarding 
the formation of the passages of play or player‟s body movements, which may be important 
for the decision-making process. However, with continual advances in audio-visual 
technology, methods of assessing perceptual-cognitive skills have advanced from static to 
more dynamic video presentation.  
Video Presentation. Invasion sports provide a unique environment for assessing 
perceptual-cognitive skills due to the ever changing sources of information, the interaction 
between the offense and defence, and the structure of game (Casanova, Oliveira, Williams, 
& Garganta, 2009). The interaction between the two opposing teams means that during the 
game, visual information may be available, obstructed or not available at all. This evolving 
game-play provides a challenging environment for the investigation of skilled decision-
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making in sport (Johnson, 2006). Decision-making information is not instantaneously 
gathered and processed, but gathered over time and then processed. Technological 
development has enabled video presentations of game-play information to be used to assess 
perceptual-cognitive skills with this method considered more ecologically valid than 
presentation of static game-play images as early action sequence information may be 
gathered; formation of the passage of play understood; and players body movements noted. 
In most sports, the structured patterns observed are usually a result of an emerging 
pattern of action that cannot be captured in a single static image, however, video 
presentation enables the relevant task-specific information to be viewed (Chamberlain & 
Coelho, 1993). Borgeaud and Abernethy (1987) were among the first researchers to use 
video presentation to investigate the perceptual differences between expert and novice 
volleyball performers. The video-clips consisted of structured and unstructured defensive 
setups with the participants recalling player positions. Results showed that expert 
performers recalled significantly more player positions than the novice group. Consistent 
with static image presentation research (Allard et al., 1980; Starkes, 1987) experts hold a 
perceptual advantage, recalling player positions more efficiently than novice players. This 
indicates that skilled players have developed task-specific perceptual strategies relating to 
memory encoding for structured game-play information (Borgeaud & Abernethy, 1987). 
This study also demonstrated the potential for implementation of video-based testing 
methods to examine perceptual-cognitive skills, and set the benchmark for future research 
initiatives.  
Williams, Davids, Burwitz, and Williams (1993) adapted the video-based 
methodology from a net-based sport (volleyball) to the invasion sport of soccer. The recall 
ability of experienced (n = 12) and inexperienced (n = 12) soccer players was examined by 
presenting 10 structured and 10 unstructured video-clips. The structured video presented an 
19 
 
offensive passage of play that resulted in a shot at goal or a pass, and the unstructured video 
presented images of players walking off the field or warming up before the game. Results 
for structured game-play videos indicated experienced players has significantly better recall 
ability compared to inexperienced players. This difference was not evident when 
unstructured images were presented. This result is similar to previous research (Allard & 
Starkes, 1980; Borgeaud & Abernethy, 1987; Garland & Barry, 1991; Starkes, 1987) that 
found experienced participants hold a perceptual advantage over their inexperienced 
counterparts when asked to recall structured task-specific information. This finding was 
attributed to the expert‟s ability to process sport-specific information stored within long-
term memory. The positive findings from these investigations presented validation for the 
use of video as a form of presentation to assess perceptual-cognitive skills.  
Skilled perception is one of the defining characteristics that separate skilled and 
unskilled performers. Berry, Abernethy and Côté (2008) examined the recall ability within 
elite level Australian football players. Elite players were classified by their coaches as 
either skilled or less skilled decision-makers, based on their on-field decision-making. All 
participants completed a video-based test which contained 19 video trials of elite Australian 
football games (from a wide angle perspective). Each trial lasted for approximately 15 
seconds before occluding. The occlusion method is characterised by a video-clip of a 
scenario that us blacked out or occluded following a critical point in the footage (Farrow et 
al., 2010). In this study of elite Australian football players once the footage occluded, 
participants were asked to recall the positions of all visible players, both attackers and 
defenders. Findings demonstrated that skilled decision-makers performed significantly 
better than less skilled decision-makers indicating that perceptual cognitive skill elements 
are able to differentiate elite level players. This was a key finding in the perceptual-
cognitive research area as it demonstrated that players in the same level of competition 
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(elite) possess different perceptual-cognitive skill abilities. This further reinforced the 
perceptual-cognitive advantage held by skilled performers and the potential need for 
training programs to be developed to assist in the acquisition of perceptual-cognitive skills. 
Farrow, McCrae, Gross and Abernethy (2010) examined the ability of expert and 
novice rugby players to recall structured rugby union line out situations. A line out 
situation, used to restart play involves between 12-14 players divided into two parallel lines 
which move in sub-groups to gain possession of the ball. Video-clips of line out scenarios 
were presented for 4-8 seconds before occluding to a black screen. Participants were asked 
to recall the positions of the players, however due to the nature of the line out organisation 
(with players working in small groups of two or three) participants were rewarded for 
correctly identifying the position of player groups. Expert players were found to possess 
superior recall ability which reinforces previous findings using the pattern recall paradigm 
by showing that experts are able to chunk sport-specific information (Allard & Starkes, 
1980; Borgeaud & Abernethy, 1987; Garland & Barry, 1991; Starkes, 1987). 
The investigations into the pattern recall paradigm have provided interesting results 
regarding expert performance (Berry et al., 2008; Chase & Simon, 1973; Farrow et al., 
2010; Garland & Barry, 1991). While these studies have shown it is possible to differentiate 
skilled and less skilled performers based on the ability to recall structured game-play 
information, they fail to provide insight into how coaches can improve perceptual-cognitive 
skill performance of athletes. It is possible that task-specific perceptual-cognitive training 
programs may be viable and applicable in many sporting settings. 
 
PREDICTION AND ANTICIPATION OF GAME-PLAY INFORMATION  
In sport, skilled perception precedes an appropriate action. The ability to anticipate or 
predict the next act of play and undertake a skilled movement is a fundamental component 
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of expert performance (Abernethy & Russell, 1987). Advanced cue utilisation and 
anticipation refers to the ability to make accurate predictions using contextual information 
from the surrounding environment, for example, an action sequence or structured pattern in 
play (Abernethy & Russell, 1987). The ability to anticipate future events based on stimuli 
arising early in an action sequence or pattern of play is a critical component to perceptual-
cognitive skills underlying effective motor performance and is advantageous to expert 
performers (Farrow & Abernethy, 2002; Goulet et al., 1989; Williams & Ericsson, 2005).  
The ability to predict and anticipate play has been frequently reported in racquet 
sports (Abernethy & Russell, 1987; Abernethy, 1990; Goulet et al., 1989). Abernethy and 
Russell (1987) pioneered the use of the temporal occlusion method to examine advance cue 
utilisation between skilled and less skilled badminton players to predict serve direction. 
Participants watched a film of a player preparing to serve, with the shot phases broken 
down into set viewing windows so certain cues would be prominent at different times. It 
was found that arm cues were prominent at 167 milliseconds (ms) and 86ms before contact; 
racquet cues were prominent at 167ms and 86ms before contact and at contact; and flight 
cues were prominent at 86ms after contact and during the full display. Based on the 
information presented early in the arm and racquet cue phased, experts could predict the 
direction of the serve more accurately than novices (Abernethy & Russell, 1987). While 
elite performers did not view different visual stimuli, it has been suggested that they may 
recognise key cues (e.g., serve backswing, shoulder rotation) resulting in superior 
anticipation due to amassing procedural knowledge of the specific action (Tenenbaum, 
2003). Thus, expert performers notice and use more critical information early in an action 
sequence, which enables them to accurately predict the next play.  
Skilled anticipation is an important contributor to the expert advantage within racquet 
sports. Savelsbergh, Williams, Van Der Kamp, and Ward (2002) examined the ability of 
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soccer goalkeepers (semi-professional, n = 7; and novice level, n = 7) to predict penalty 
kicks. The participants viewed video footage of players taking a penalty from a 
goalkeeper‟s perspective and used a joystick to indicate which area of the goal the ball 
would go (e.g., top left, bottom right, middle left). The results indicated no significant 
differences among the groups in the percentage of penalties saved, which may be due to the 
relatively small sample size within the experiment. While not significant, expert 
goalkeepers were found to be better at predicting the direction and height the ball would be 
kicked, which demonstrates that in pre-impact viewing, expert goalkeepers were more 
advanced than novice goalkeepers when anticipating a penalty kick. This indicates that 
previous experiences allow expert performers to have more refined task-specific knowledge 
structures and improved strategic processing of information of events (Williams, 2000). 
The study also reinforced that the penalty takers movements assist in the ability to 
anticipate future events, meaning that for performers to anticipate correctly, they must 
make accurate predictions based on task-specific information arising from the posture and 
bodily orientation prior to a key event (Casanova et al., 2009). 
Prediction ability has generally been reported in interceptive activities in response to 
a single game action, such as a return of serve or a penalty kick, with little exploration of 
invasion sports where multiple response are possible. Within invasion sports, many skills 
are not performed in response to a single action, as the game-play environment is forever 
evolving. Helsen and Starkes (1999) examined prediction ability with semi-professional 
soccer players and non-playing students on a task with evolving game play information. 
The task involved presentation of life sized video images where participants were required 
to make the best possible decision based on the segment of game-play presented and 
perform this action. The outcome options included shoot, pass or take on the opponent. 
Skilled participants made significantly more correct decisions from the information coupled 
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with a faster initiation time, ball contact time and total response time. This finding 
demonstrated that skilled participants are more attuned to the relevant cues with a sport-
specific stimulus (Helsen & Starkes, 1999) and by utilising stimuli arising early in an action 
sequence skilled performers can anticipate future events (Williams & Ericsson, 2005). This 
study (Helsen & Starkes, 1999) indicated that video-based assessment programs can be 
used successfully within open skill sports for perceptual-cognitive skills. 
In sport, perception is a defining characteristic of expert performance (Berry et al., 
2008). The anticipation performance of experts has been investigated using video 
occlusion, primarily in interceptive activities, with expert performers‟ anticipation 
significantly better than less skilled performers (Abernethy & Russell, 1987; Helsen & 
Starkes, 1999; Savelsbergh et al., 2002). These studies highlight that the ability to 
effectively process information arising early in an action sequence is a critical component 
to enhanced perceptual-cognitive skills (Williams & Ericsson, 2005). By understanding the 
underlying mechanisms of anticipation performance future studies should explore whether 
perceptual-cognitive training programs within a sporting setting can be developed to 
enhance this skill.  
 
GAME BASED DECISION-MAKING  
In-game decisions have been described as naturalistic, meaning that a decision is 
made by a performer with a degree of task familiarity, and the decision is naturally 
encountered in the playing environment (Johnson, 2006). Research has indicated that there 
are a number of integrated perceptual-cognitive skills that form an experts advantage during 
skilled performance, including the ability to recognise and recall patterns of play (Allard et 
al., 1980; Starkes, 1987); a greater sensitivity to advance cue utilisation (Abernethy & 
Russell, 1987; Helsen & Starkes, 1999; Savelsbergh et al., 2002); and enhanced knowledge 
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of event outcomes (Vaeyens, Lenoir, Williams, & Philippaerts, 2007). It is this perceptual-
cognitive advantage that enables skilled performers to adapt rapidly to changes in the 
situational demands of the skill and/or game environment, thus enabling skilled performers 
to make quick and accurate decisions (Vaeyens et al., 2007).  
Decision-making in invasion sports is a complex and demanding process, with 
decisions performed in an ever changing environment (Casanova et al., 2009). In order to 
understand the demands of decision-making, Farrow and Raab (2008) presented the 
Decision-Making in Sport Model that provides an understanding of an athlete‟s decision-
making in sporting situations. The model describes seven stages of decision-making (Table 
2.1). In stage one athletes are presented with a problem, which may include a defending 
player approaching or a decision regarding who to pass the ball. The next stage (two) is the 
identification stage, whereby the athlete identifies the positions of players, and understands 
the constraints on the behaviour/action that needs to be taken (e.g., the player cannot kick 
the ball out of the playing area). Once this problem has been identified and constraints on 
behaviour assessed, in stage three the athlete generates possible outcomes of the decision 
(e.g., passing the ball to a player, having a shot at goal). Once identified the athlete 
considers the options, and stage four, requires the athlete to rank the possible actions. The 
ranking of possible outcomes leads to action selection, where the athlete selects the most 
appropriate course of action (stage five). Once selected, in stage six, the athlete physically 
performs the desired action. Once completed, the athlete evaluates the decision based on 
the success of the action performed (stage seven). This model has been developed to 
understand an athlete‟s in-game decision-making process, however, the model can be 
adapted to provide an understanding of the in-game decision-making process of game 
officials. 
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Table 2.1.  
The seven stages of Decision-Making in Sport Model (Farrow & Raab, 2008). 
Stage  Description 
1 Presentation of the problem 
2 Identification of the constraints on the behaviour and the creation of goals 
3 Generation of possible outcomes 
4 Ranking of courses of action 
5 Action selection 
6 Action initiation and completion 
   
7 Evaluation of the decision 
 
The main methodological approach to assess decision-making is the isolated 
decision-making approach (MacMahon & McPherson, 2009). The isolated decision-making 
approach provides athletes with separate video-clips that are occluded at a key moment 
before a critical decision, at which point the athlete is asked to decide on a course of action. 
The aim of this method is to design video-clips that display the specific sequence of events, 
enabling participants to develop expectations and use situational probabilities (MacMahon 
& McPherson, 2009). For this method to be effective, the video-based decision-making 
activities require ecological validity and this may be obtained through scenario‟s that 
accurately represent the in-game perspective of the playing environment. Gaining the 
viewing perspectives that replicate athlete‟s in-game perspectives are difficult within 
invasion sports (Mann, Farrow, Shuttleworth, & Hopwood, 2009) because of the recording 
equipment needed, and potential risk to player safety due to in-game player contact. 
Consequently, video footage from a sideline or broadcast recording position is appropriate 
(Berry et al., 2008; Johnson, 2006; Larkin, Berry, Dawson, & Lay, 2011). Footage from 
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this position still provides a simulation of the actual domain, while enabling the most 
critical and relevant information to be identified enabling successful performance. 
Australian football provides a unique sporting environment due to the interaction 
between players, the size of the playing area, and the evolving game-play. Consequently, 
the game environment provides a complex and demanding task for assessing decision-
making performance. Berry et al. (2008) used video-based testing methods in an attempt to 
discriminate decision-making performance between elite Australian football players. 
Coaches categorised the players as either expert or less skilled decision makers, based on 
their in-game decision-making ability. Participants completed a video-based decision-
making test that contained 14 video trials, each occluding just prior to the player in 
possession of the ball disposing the ball (either by a kick or handball). At this point 
participants were required to decide the outcome of the next passage of play including the 
receiving player and the direction of ball movement. Answers were recorded on a scaled 
diagram of a football oval. Findings indicated that expert decision-makers made 
significantly more correct decisions regarding the next passage of play than less skilled 
decision-makers. Berry et al. (2008) concluded that expert performers used several 
perceptual-cognitive skills including pattern recognition and anticipation, which enabled 
the expert performers to make quick and accurate decisions. This investigation provided 
further justification for the use of video-based methods as a measure of perceptual-
cognitive performance, especially within Australian football. 
Video-based methods have been successfully used to understand the perceptual-
cognitive differences of sport performers. Findings identified skills that contribute to the 
perceptual-cognitive advantage including pattern recall (Allard et al., 1980; Berry et al., 
2008; Farrow et al., 2010; Helsen & Starkes, 1999; Starkes, 1987) and advance cue 
utilisation (Abernethy & Russell, 1987; Helsen & Starkes, 1999; Savelsbergh et al., 2002). 
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These skills enable the expert to adapt quickly to changes in the situational demands of the 
game and out perform their novice counterparts (Vaeyens et al., 2007). While these 
findings advance our understanding of perceptual-cognitive performance, they provide 
limited insight into the mental processes that contribute to these outcomes.  
Decision-Making and Verbalisation Methods. To examine the underlying 
cognitions related to task performance, experimental designs have included verbalisation to 
understand the cognitive processes that occur when visual information is searched; identify 
how the individual manages and evaluates alternatives; and determine how they make their 
final decision (Kuusela & Paul, 2000).  
Retrospective verbalisation, (identification of the sequence of cognitive events that 
contribute to a decision [Kuusela & Paul, 2000]) has been used effectively to examine the 
mental processes associated with problem-solving (Kuusela & Paul, 2000), expertise in 
chess (de Groot, 1965) and imagery research (Spittle & Morris, 2007). In addition, 
researchers have used verbalisation methods to understand the cognitive processes of young 
athletes, especially the role of knowledge representation and its effect on decision-making 
performance (French et al., 1996; McPherson & Thomas, 1989; McPherson, 2000). For 
example, McPherson (2000) used the retrospective verbalisation method to compare 
differences in thought processes of skilled and less skilled youth level tennis player in the 
context of planning for points. Following each point of the game, players were asked open 
ended questions relating to the strategies and goals during and immediately after each point. 
McPherson indicated that less skilled players made weak solutions to game problems (i.e., 
player hit a forehand shot down the line). In contrast, skilled players made action plan 
profiles which included planning information about shot selection and predicting 
opponent‟s future actions. These findings highlight the cognitive difference between skilled 
and less skilled performers, and support the use of verbalisation as a method for 
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understanding the cognitive processes during and following sporting performance. A 
limitation of this investigation however, is it only examines the differences in cognitive 
processes between youth level players, to provide a more appropriate understanding of the 
cognitive processes of athletes and umpires further investigation is needed with participants 
of greater experience levels.  
Retrospective verbalisation has been used in both sporting (French et al., 1996; 
McPherson & Thomas, 1989; McPherson, 2000) and non-sporting (Biggs, Rosman, & 
Sergenian, 1993; Dickson, McLennan, & Omodei, 2000; Kuusela & Paul, 2000) domains to 
present an understanding of the cognitive and performance aspects related to decision-
making. To date however, no sport-based decision-making studies have employed a 
concurrent (providing cognitive processes while performing the task [Spittle & Morris, 
2007]) verbalisation approach and therefore whether retrospective verbalisation provides a 
true representation of the decision-making process is unknown. Therefore, future studies 
should consider both concurrent and retrospective verbalisation techniques to provide a 
more robust understanding of the in-game decision-making process.  
 
PERCEPTUAL-COGNITIVE LEARNING 
Research investigating the expert-novice paradigm has provided findings in relation 
to the perceptual-cognitive performance characteristics that differentiate skilled and less 
skilled performance (Berry et al., 2008; Farrow et al., 2010; Starkes, 1987; Williams et al., 
1993). These investigations generally used video-based techniques and required quick and 
accurate responses to a scenario including either recalling patterns of play; anticipating 
future events; or making a game-based decision (Smeeton et al., 2005). By isolating the 
perceptual-cognitive characteristics that separate skilled performance interventions can now 
29 
 
be developed and implemented to facilitate the acquisition these skills (Abernethy, Neal, & 
Koning, 1994).  
 
VIDEO AND OBSERVATIONAL LEARNING  
In many areas of sport development, the first approach to assist individuals in 
learning a skill is demonstration by peers, coaches or skilled performers (Horn, Williams, & 
Scott, 2002). Providing a demonstration is a method of observational learning which 
involves watching a model perform and replicating their performance (Horn & Williams, 
2005). Observational learning research has predominantly focused on the learning of skills 
such as kicking (Horn et al., 2002), throwing (Al-Abood, Davids, Bennett, Ashford, & 
Martinez Marin, 2001) and basic surgical skills (Masters, Lo, Maxwell, & Patil, 2008; 
Xeroulis et al., 2007). In all of these studies, observational learning has involved a live 
demonstration, however, with developments in technology there is potential to learn skills 
via observation of video images (McCullagh & Weiss, 2002).  
In its purest form, observational learning is implicit in nature with a learner observing 
a demonstration with minimal to no instruction. With advances in technology, different 
types of presentations have been examined to understand how best to observe and learn a 
skill. Two distinct methods include the point light technique and video presentations. The 
point light technique involves presentation of a movement pattern using reflective markers 
that are situated at anatomical landmarks, usually major joint centres (Horn et al., 2002). 
Thus, when a display is presented, only the reflective markers or lights are seen. In contrast, 
video presentations provide footage of a skilled individual performing the specific task. 
 Horn and colleagues (2002) examined the effectiveness of video and point light 
presentation in facilitating learning of a movement pattern (soccer kick). The study 
consisted of three experimental groups: a point light display (n = 7), a video presentation (n 
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= 7), and a control (n = 7) group. Following a pre-test, the two observational groups 
watched three different examples of a soccer kick, with each example replayed five times. 
The control group did not observe any type of presentation. All groups then performed 10 
physical skill acquisition trials, followed by a post and retention test. Findings indicated 
that after a two day retention period, the video and point light groups were more accurate 
than the control group, demonstrating that a two-dimensional video presentation provides 
sufficient information to learn a movement pattern. While this study provides support for 
the use of video to enhance fundamental motor skills, further research is required to 
determine whether video-based observational learning activities enhance cognitive skills 
such as decision-making. 
 
PERCEPTUAL-COGNITIVE TRAINING 
Of all perceptual-cognitive skills, anticipation has been the most extensively examined in 
video-based training program literature (Abernethy, Wood, & Parks, 1999; Farrow & 
Abernethy, 2002; Gabbett et al., 2007; Williams et al., 2003). Abernethy et al. (1999) 
investigated the effect of a four week intervention on the anticipation skill in novice squash 
players. A relatively small group of participants (n = 30) were recruited to complete a 
video-based occlusion anticipation pre-test which presented 160 video-clips of a player 
executing a squash stroke. Following the pre-test participants were separated into three 
groups, perceptual training; placebo training; and a control group. The perceptual training 
group received explicit instruction in several key areas relating to squash strokes 
(including, formal biomechanical instruction and formal instruction on locating important 
anticipatory cues). The placebo group were required to read manual specifically related to 
racquet sport and watch videos of elite tennis matches. Both the perceptual training and 
placebo groups completed four, 20-minute sessions of their training and one 20-minute 
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session of physical training (for four consecutive weeks). The control group only completed 
the 20-minute physical training session. Following the intervention, the perceptual training 
group significantly improved their anticipation performance from pre to post-tests. In 
addition, this group performed significantly better than both the placebo and control groups 
on the post-test. This finding demonstrated that video-based perceptual training, coupled 
with explicit instruction, improved anticipation performance of novice squash players. 
Whether similar levels of improvement would be observed in skilled individuals following 
the training program us unknown, particularly as explicit instruction methods show greater 
performance improvements early in learning process (c.f., Masters, 1992; Smeeton et al., 
2005). Furthermore, research is required to determine whether improvements on a video-
based task transfers to in-game anticipation performance. 
Similar to Abernethy et al. (1999), Williams and colleagues (2003) also included a 
training, placebo and control group to ascertain whether a video-based intervention 
improved novice hockey goalkeepers (n = 24) anticipation of a hockey penalty flick. All 
participants were assessed on a video-based test (20 trials) and a field-based performance 
test (20 trials) prior to undertaking any training. While this appears representative of a 
hockey game, validity and reliability of the test were not reported. In this study, the training 
group (n = 8) was presented with video footage and explicit instruction (relating to the 
important cues underpinning anticipation of a penalty flick) of 20 randomly placed penalty 
flicks. For these trials participants viewed the action and outcomes, however no 
performance was required. A further 20 video-clips were presented via the temporal 
occlusion method and participants verbally responded by indicating the direction of the 
penalty flick. Feedback on the performance was provided following each trial. The placebo 
group (n = 8) watched a 45-minute instructional video of field hockey goalkeeping skills 
and the control group (n = 8) received no instruction or training. A limitation of this study 
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was the short duration (only a single 45-minute session) of the training program and 
accordingly no retention test was conducted to determine whether long term performance 
changes were observed. Further it is unknown whether a longer intervention may have 
changed study outcomes. 
Findings demonstrated that participants in the training group reduced their decision-
making time by 100ms from pre-test to post-test on the video-based test (laboratory test). 
Williams et al. (2003) stated that this change reflected a meaningful improvement in 
anticipation performance. No differences were found in task accuracy between groups, 
even though the training group indicated their response 60ms and 94ms earlier that the 
placebo and control group, respectively. On the field-based performance test the training 
group significantly reduced their decision time (nearly 50ms), although no significant 
change was observed in response accuracy (Williams et al., 2003). While this study was 
also limited by a low number of participants, the findings from this investigation extend 
those of Abernethy et al. (1999) by demonstrating that anticipation skills can be enhanced 
following video-based training, and transfer to field based performance tests. Research is 
still required to determine whether these changes transfer to in-game competitive 
performance.  
More recently, Gabbett et al. (2007) aimed to enhance the anticipation of softball 
fielders via a four week video-based training program. Participants were divided into three 
training groups, perceptual training (n = 9), placebo training (n = 8), and a control group (n 
= 8). The perceptual training group completed three training sessions per week 
(approximately 10-minutes per session) and were presented with 30 video trials that 
temporally occluded prior to the batter making contact with the ball. Therefore, participants 
were forced to focus on specific cues (from the batter) that may indicate the ball direction. 
Participants were required to verbally indicate the directions they believed the ball would 
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travel. The outcome of each trial was presented to the participants immediately following 
their decision. Akin to the perceptual training group, the placebo group also completed 
three training sessions per week. This group was presented with clips that used arrows to 
represent the direction of the ball, and required the participants to physically move in that 
direction as soon as the arrow was presented, as if they were fielding the ball. Consistent 
with Abernethy et al. (1999) and Williams et al. (2003), the control group performed no 
video-based training. Similar to earlier findings (Abernethy et al., 1999; Williams et al., 
2003), at the conclusion of the training program the perceptual training group was 
significantly more accurate than the placebo and control groups at anticipating the direction 
of the ball. Following four weeks without any video-based training no additional 
improvement in anticipation skills were evident however, the level of performance 
(anticipation) was maintained from the post-test.  
Gabbett et al. (2007) subsequently examined whether anticipation performance of the 
three groups (perceptual training, placebo, control) transferred to a “mock” game situation. 
This was examined using a field based test with a real-life batter hitting the ball into the 
playing area, and participants fielding six balls. High speed video footage was used to 
assess the participants change in direction at the point of ball contact. Significant 
improvements in the accuracy of field based anticipation were observed for participants 
who had undertaken the training program, indicating a transfer of anticipation skills from 
video-based training. This finding provides a preliminary insight into the value of video-
based training to enhance in-game anticipation performance. However, as this is the first 
study to show transfer of skill to game situations further studies are required to confirm or 
refute this finding. 
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VIDEO-BASED TRAINING: IMPLICIT VS. EXPLICIT INSTRUCTION 
To date, video-based perceptual-cognitive training programs have relied on explicit 
methods of instruction (Abernethy et al., 1999; Gabbett et al., 2007; Williams et al., 2003), 
which has been defined as “specific instructions about how to develop a particular skill and 
concomitantly results in the acquisition of a large verbalizable knowledge base about how 
to perform the skill being acquired” (Farrow & Abernethy, 2002, p. 472). Studies have 
consistently demonstrated that explicit instruction can accelerate skill acquisition through 
the early stages of learning (Rendell, Farrow, Masters, & Plummer, 2011; Smeeton et al., 
2005). This method of instruction however, has been associated with reduced performance 
outcomes under stressful conditions (Masters, 1992; Raab, 2003; Rendell et al., 2011). This 
is in contrast to the implicit method of training (defined as skill improvement in the absence 
of explicit knowledge about how to perform the task [Jackson & Farrow, 2005]), where 
participants have maintained their level of performance in stressful environments (Masters, 
1992; Raab, 2003).  
Farrow and Abernethy (2002) investigated the effects of an implicit and explicit 
video-based training program on anticipation performance of schoolboy tennis players. A 
total of 32 participants were recruited for this study and they were divided into four 
different training groups: explicit; implicit; placebo; and control. A four week video-based 
training program using the temporal occlusion method was developed and administered to 
the implicit, explicit and placebo groups three times per week. The explicit group watched a 
video-clip of a tennis serve and following occlusion they were required to report (write) the 
direction of the serve. Participants were then shown the outcome of the clip, which was 
accompanied by verbal instruction that emphasised the relationship of pre-cues to the serve 
outcome. The implicit group watched the same footage, however this group was required to 
predict the speed of the serve. In contrast to the explicit group, this group was provided 
35 
 
with no explicit instruction relating to the direction of the serve was provided. The placebo 
group watched footage of professional tennis matches but were not required to complete 
specific tasks. In addition to completing the video-based training one physical training 
session was completed each week. The physical training session was the only task 
completed by the control group.  
Results indicated the implicit training group significantly improved prediction 
accuracy from pre to post-test compared to the other training groups (explicit, placebo, 
control). The improved anticipation performance of the implicit training group was not 
retained 32 days post-training which was in contrast to a another study that demonstrated 
anticipation performance was maintained following implicit training (Gabbett et al., 2007). 
Reasons for this inconsistency are unclear, particularly as both studies used a four week 
training program with the retention test administered at approximately the same time (28 
days versus 32 days). The findings do however demonstrate the potential use of more 
implicit style video-based programs to enhance anticipation performance of tennis players 
immediately following participation in the program (Farrow & Abernethy, 2002). Further 
investigations are required to determine whether implicit methods can promote lasting 
changes in perceptual-cognitive performance.  
Smeeton and colleagues (2005) also investigated the effect of implicit and explicit 
video-based training on intermediate tennis player‟s anticipation. Similar to Farrow and 
Abernethy (2002), three separate training groups were developed (explicit instruction, 
guided discovery, discovery). While all groups viewed the same video information different 
amounts of instruction (relating to opponents postural cues during a forehand shot) were 
provided to the different groups. The explicit instruction group (n = 8) were provided with 
instructions of postural cues that related to shot outcomes following each clip. The guided 
discovery group (n = 8) also received instructions after each clip relating to the postural 
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cues although the relationship between these cues and performance outcomes were not 
explicitly provided. The discovery group (n = 8) received no instruction, but were 
encouraged to discover the important postural cues relating to forehand shots. Participants 
in these three groups completed both video-based and field-based tests before and after a 
four week video-based training program. The control group (n = 8) completed the same pre 
and post tests, although no video-based training was completed. 
Results indicated significant differences in anticipation performance on the post-test 
between the training and control groups. However, no performance differences were 
evident between the training groups on the video-based and field-based post-test. Thus, 
demonstrating that all three instruction methods (explicit instruction, guided discovery, 
discovery) were equally effective at enhancing anticipation performance. What remains 
unclear is whether one specific training style is more likely to contribute to positive transfer 
of in-game anticipation performance. Further research is therefore required to address this 
gap in knowledge.  
As research in other contexts has shown performance decreases of explicit learners 
when tested under anxiety and/or stress (Masters, 1992; Raab, 2003), Smeeton and 
colleagues (2005) also examined the effects of anxiety on anticipation performance 
following video-based training. Smeeton et al. hypothesised that the performance of the 
explicit instruction group would decrease under anxiety compared to the other training 
groups (guided discovery, discovery). Following the training program participants 
completed 10 trials of the field based test. In an attempt to enhance participant anxiety, they 
were informed that their results would be evaluated by their coaches, and performance 
rankings would be distributed to other participants and coaches. Further, regardless of their 
level of performance during the test, participants were informed their performance was 
below par.  
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Results indicated the guided discovery and discovery groups made significantly faster 
decisions than the explicit instruction group, however there was no difference between the 
groups for decision accuracy (Smeeton et al., 2005). As hypothesised, the explicit training 
group took longer to initiate their responses which corroborates with previous studies that 
have identified that explicit methods of instruction hinder performance under stressful 
conditions (Masters, 1992; Raab, 2003).  
Gorman and Farrow (2009) made a significant contribution to perceptual-cognitive 
literature as they were the first to examine the effects of different video-based training 
styles on competitive in-game decision-making performance. Skilled basketball players 
were recruited into one of four training groups: explicit learning; implicit learning; placebo; 
and control group. The explicit learning group (n = 10) undertook video-based training with 
explicit instruction regarding key basketball tactics. The implicit learning group (n = 10) 
completed video-based training and were required to concurrently acknowledge an auditory 
signal. The placebo group (n = 10) completed a non-sport specific task, while the control 
group (n = 10) did not complete any training. Participant‟s decision-making performance 
was assessed prior to and following the four week training program using a video-based 
decision-making test and performance during a competitive game. Video based test results 
indicated no significant differences between the training groups from pre to retention tests. 
This finding is in contrast to previous video-based training literature which has 
demonstrated a significant difference between the training and control groups following 
video-based training (Abernethy et al., 1999; Gabbett et al., 2007; Gabbett et al., 2007; 
Williams et al., 2003).  
Gorman and Farrow (2009) also found the in-game decision-making performance of 
all training groups did not alter following training. This finding was not expected, 
particularly as previous studies have demonstrated that training groups have shown 
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significant improvement on a physical task following training (Farrow & Abernethy, 2002; 
Smeeton et al., 2005). Gorman and Farrow suggested that a potential reason for the lack of 
improvement on both the video-based test and in-game performance may be due to the 
structure and/or content of the training program which did not allow detectable 
improvements in decision-making performance to be observed. It is possible that this 
finding may be attributed to an unreliable or invalid measuring instrument, particularly as 
validity and reliability were not reported in the study. Alternatively, Gorman and Farrow 
suggested this may also have been due to a ceiling effect as this investigation used skilled 
basketball players that were likely to have established decision-making skills and therefore 
may have been less susceptible to change. Accordingly, it was recommended that future 
investigations examine the effects of video-based decision-making training on less skilled 
participants to confirm whether these findings could be attributed to a ceiling effect 
(Gorman & Farrow, 2009). As this investigation did not conclusively demonstrate the 
transfer of decision-making skill to in-game decision-making performance, further research 
is required to determine whether skills trained via video-based methods can actually 
transfer to in-game decision-making performance. 
 
UMPIRE RESEARCH 
Umpires‟ in-game decision-making is complex, as they have to process information 
quickly and accurately before making an appropriate decision (Ollis et al., 2006). To 
identify the characteristics that contributed to skilled rugby union umpire performance, 
umpire report cards (completed by umpire coaches), rugby union training programs and 
peer-reviewed journal articles were qualitatively analysed to identify key performance 
themes (Mascarenhas, Collins, & Mortimer, 2005). Identified themes informed a model for 
elite rugby union refereeing performance. As illustrated in Figure 2.1, the model identified 
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five performance themes: (i) knowledge and application of the law; (ii) physical fitness, 
positioning and mechanics; (iii) personality and game management; (iv) contextual 
judgement; and (v) psychological characteristics of excellence (Mascarenhas, Collins, & 
Mortimer, 2005). This review focuses on only one of the five themes, knowledge and 
application of the law as this has direct relevance to decision-making performance. 
Knowledge and application of the law was defined as “the underpinning knowledge of the 
law that allows referees to accurately interpret dynamic situations and penalise 
accordingly” (Mascarenhas, Collins, & Mortimer, 2005, p. 368). 
 
Figure 2.1. Cornerstones Model of Refereeing Performance. Reproduced with permission 
from Mascarenhas, Collins and Mortimer (2005). 
 
Several sub-themes were identified as important components of this theme including 
decision-making timing and consistency, knowledge of the law and decision-making clarity 
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(Mascarenhas, Collins, & Mortimer, 2005). Despite the development of this model and the 
similarities in umpire decision-making demands in other sporting contexts, interestingly 
this model has not been applied in the contemporary literature that compares decision-
making performance with umpires of different levels (Catteeuw et al., 2009; Larkin et al., 
2011) or considered during the development of umpire video-based training programs 
(Catteeuw, Gilis, Jaspers et al., 2010; Catteeuw, Gilis, Wagemans et al., 2010; Schweizer et 
al., 2011).  
As video-based tests have differentiated between decision-making performance of 
athletes (Abernethy & Russell, 1987; Berry et al., 2008; Helsen & Starkes, 1999; 
Savelsbergh et al., 2002), Catteeuw and colleagues (2009) also used a video-based test to 
examine differences in decision-making performance of soccer referees (primary role to 
make infringement-based decisions on players game actions) and assistant referees 
(primary role to make offside judgements). Elite level referees (n = 27) and assistant 
referees (n = 27) completed a video-based decision-making test of 24 trials twice in normal 
speed. Following this the same clips were presented again once in normal speed and twice 
in slow motion. Participants were required to interpret the tackle situation and record what 
they thought was the correct decision. While reasons for utilising slow motion footage were 
not provided, it has been stated that when assessing perceptual-cognitive skills it is 
important to maintain ecological validity (Johnson, 2006). As referee in-game decision-
making occurs at normal speed with the referee only viewing a tackle situation once before 
making a decision, presenting each trial on multiple occasions and in slow motion reduces 
the ecological validity of the test.  
Results indicated that the referee‟s decision-making performance was significantly 
better than the assistant referees (Catteeuw et al., 2009), thus corroborating with previous 
decision-making investigations that have demonstrated performance differences between 
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skilled and less skilled performers (Abernethy & Russell, 1987; Berry et al., 2008; Helsen 
& Starkes, 1999; Savelsbergh et al., 2002). However, as this is the first study that has 
investigated differences between elite and assistant referees tackle situation decision-
making, further research using video-footage presented at normal speeds appears 
warranted.  
Larkin et al. (2011) published the first study which examined the decision-making 
performance differences of elite (national league, n = 15) and sub-elite (state league, n = 
36) Australian football umpires on a video-based decision-making test. Participants were 
required to make a decision relating to the presentation of 25 in-game infringement 
situations. While the validity and/or reliability of the test were not considered, results 
demonstrated that compared to the sub-elite umpires, elite level umpires made significantly 
more correct infringement decisions. Thus further supporting previous investigations that 
demonstrate skilled performers possess superior perceptual-cognitive skills compared to 
less skilled performers (Abernethy & Russell, 1987; Helsen & Starkes, 1999; Savelsbergh 
et al., 2002). These findings (Catteeuw et al., 2009; Larkin et al., 2011) advance our 
understanding of decision-making performance differences between umpires, and provide a 
methodological platform for training interventions that can improve decision-making 
performance.  
 
UMPIRE TRAINING  
Highly refined decision-making skills are fundamental to umpiring performance 
(Mascarenhas, Collins, & Mortimer, 2005), however few studies have considered methods 
to improve decision-making skills for umpires (Catteeuw, Gilis, Jaspers et al., 2010; 
Catteeuw, Gilis, Wagemans et al., 2010; Mascarenhas, Collins, Mortimer, & Morris, 2005; 
Schweizer et al., 2011). To date, umpire research has predominantly focused on the 
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physiological rather than decision-making demands of officiating (Castagna, Abt, & 
D'Ottavio, 2004; Krustrup & Bangsbo, 2001; Krustrup et al., 2009; Mallo, Navarro, 
Aranda, & Helsen, 2009). It has been reported that Australian football umpires travel 
approximately 11.5km during a game while working at approximately 82% of their 
maximal heart rate (Elsworthy & Dascombe, 2011). Accordingly, the majority of training 
time is allocated to physiological fitness training (Table 2.2) (Catteeuw et al., 2009; 
MacMahon et al., 2007; Reilly & Gregson, 2006) and skills training (Table 2.3) which 
ensures the umpire can restart play with the bounce of the ball. 
Little time is spent directly training decision-making skills, which generally occurs in 
lecture style meetings with explicit instruction of rule interpretations (Table 2.2 and 2.3). 
For this reason, in-game umpiring experience is currently considered the best source of 
decision-making practice (Catteeuw et al., 2009; MacMahon et al., 2007). However as 
decision-making performance is the most important component of an umpire‟s 
performance, ranking above physical fitness (Mascarenhas, Collins, Mortimer, & Morris, 
2005), it seems timely that methods to enhance umpire decision-making performance are 
considered. 
 
.
  
Table 2.2  
Australian football umpires‟ physiological fitness training session – Session one of the week (E. Keating, personal communication, July 
2011). 
Training Session: Running Session 
Time (mins) Activity Structure               
10  Warm up 1.2km Run             
5 Stretching Stretch all key muscle groups         
  
Run Jog   Run Jog   Run Jog 
  
500m 100m 
 
200m 100m 
 
500m 100m 
50 Physical Training 500m 100m 3 minutes 300m 100m 3 minutes 500m 100m 
  
300m 100m recovery 500m 100m recovery 500m 100m 
    200m 100m   500m 100m   300m 100m 
5  Cool down 800m Jog             
20  Meeting Information regarding incidents from previous weekends game 
 
  
Table 2.3  
Australian football umpires‟ skill training session – Session two of the week (E. Keating, personal communication, July 2011). 
Training Session: Skills and Sprinting Session 
Time (mins) Activity Structure             
10  Warm up 1.2km Run           
5 Stretching Stretch all key muscle groups       
10 Sprint Training 800m 50m Sprint         
 
      50m Jog         
 
15  Skills Training Positioning Drills / Bouncing the Ball         
15  Short Sprints Team Shuttle Runs 5x(20m, 30m, 40m)       
 
15 Distance Sprinting 1200m  200m Sprint         
 
    100m Recovery Jog       
 
20  Meeting 
Lecture about rules of the game and interpretation (1-2 rules per 
session) 
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As umpire performance is comprised of both a decision-making and physical 
component, MacMahon et al. (2007) investigated the perceived relevance of various 
referee training activities to in-game performance. A total of 24 elite soccer referees 
completed a self-report questionnaire that determined the time involved in various 
training activities (e.g., video training, physical training) between 1998 (the first year 
training programs were administered by FIFA) and 2003. Participants also rated the 
relevance of the training activities to in-game performance. Results indicated that 
referees rated physiological training activities (e.g., running endurance, sprint training) 
as important to in-game performance. This is not surprising considering soccer referees 
can cover between 9.5-11.5 kilometres (km) per game (Catterall, Reilly, Atkinson, & 
Coldwells, 1993; D'Ottavio & Castagna, 2001; Helsen & Bultynck, 2004). Findings also 
indicated time spent on off-field activities (video training) significantly increased from 
1998 to 2003. The perceived relevance of video-based activities also significantly 
increased over this time.  
A further investigation by Catteeuw et al. (2009) adapted the questionnaire 
administered by MacMahon et al. (2007) and asked elite Belgium soccer referees (n = 
27) to retrospectively recall time (minutes per week) spent in various training activities 
for every 3 years from the beginning of their refereeing career. Participants also 
provided their current perceived relevance of these activities to in-game performance. 
Results indicated that referees rated both physiological (e.g., high-intensity running, 
speed and agility) and video training activities as highly relevant to referees in-game 
performance (Catteeuw et al., 2009). Thus supporting the findings of MacMahon et al.‟s 
(2007) earlier study. These findings (Catteeuw et al., 2009; MacMahon et al., 2007) 
indicate that referees acknowledge the relevance of video-based training to improve 
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decision-making performance, however it is still unclear whether video-based activities 
have a positive influence on in-game decision-making performance. 
 
VIDEO-BASED TRAINING FOR UMPIRES 
Video-based training is likely to be beneficial for umpires as it increases visual 
and perceptual experience of in-game decision-making scenarios, without the need for 
extensive in-game experience. Pizzera and Raab (Pizzera & Raab, 2012) investigated 
whether there was a relationship between watching competitive games and umpire 
performance. A total of 77 soccer referees were required to retrospectively recall the 
amount of time they has spent watching competitive games as a spectator and not an 
official and their in-game umpiring experience. Accuracy of participant recall was not 
considered, however participants were required to recall information from their entire 
umpiring career. Previous studies have demonstrated that recall accuracy decreases with 
increased time (Beckett, Da Vanzo, Sastry, Panis, & Peterson, 2001) and this may have 
impacted on this study, particularly as participants had to recall on average, 14 years of 
experience. Results indicated that watching soccer games as a spectator (without 
making decisions on the game) was a significant factor that positively contributed to 
referees decision-making performance. As video-based training would involve watching 
game footage, it is likely that it would have similar performance benefits to watching 
competitive games as a spectator.  
Mascarenhas and colleagues (2005) were the first to examine whether video-based 
training could improve decision-making performance of rugby union referees. All 
National level referees were invited to participate in a five week training program and 
those that agreed were ranked according to the national rugby union referee ranking 
system to enable subsequent comparisons of higher and lower ranked referees following 
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the training program. Similar to other video-based training studies in other contexts 
(Abernethy et al., 1999; Gabbett et al., 2007; Williams et al., 2003) this study also 
consisted of three different groups, experimental (n = 41), active control (n = 8), and 
passive control (n = 7). However, contrary to other studies where structured video-based 
training has been completed (Abernethy et al., 1999; Farrow & Abernethy, 2002; 
Farrow & Abernethy, 2002; Gabbett et al., 2007; Gorman & Farrow, 2009; Smeeton et 
al., 2005; Williams et al., 2003) in this study, participants in the experimental group and 
the active control group were required to watch the training videos in their own time. 
Participants were therefore encouraged to view the footage as many times as they felt 
necessary to understand the correct outcome for each trial, with each clip watched on 
average six times (Mascarenhas, Collins, Mortimer, & Morris, 2005). While reasons for 
encouraging multiple viewing of the clips were not provided, it has been identified that 
visual experience contributes to improved decision-making performance (Pizzera & 
Raab, 2012). Accordingly, participants were required to complete a log book and 
document the number of times they viewed the clips. Five video-clips of different tackle 
situations were given to participants once per week and they were required to watch the 
videos and record their decisions. Following the presentation of all clips, the outcome 
was shown with explicit instruction provided to explain the reason for the correct 
decision. The active control group completed the same task, however no explicit 
instruction was provided when the clip outcomes were shown. The passive control 
group did not undertake any video-based training, but completed the pre and post tests.  
Results indicated that the experimental group significantly improved decision-
making performance from pre to post-test and in addition, performed significantly better 
than the active and passive control groups (Mascarenhas, Collins, Mortimer, & Morris, 
2005). Further, lower ranked referees in the experimental group significantly improved 
48 
 
decision-making performance from pre to post-test whilst higher ranked referees 
showed no significant change. Mascarenhas and colleagues suggested that the 
significant improvement of the lower ranked referees may have been due to these 
individual possessing less knowledge of the rules and less experience in making 
decisions on tackle situations. It is possible that higher ranked referees did not 
demonstrate similar improvement due to a ceiling effect (Gorman & Farrow, 2009). 
National level referees are likely to have established decision-making skills and 
therefore may be less amenable to performance changes (Gorman & Farrow, 2009). 
Further, it is also possible that participants who viewed the training videos on more 
occasions may have showed greater improvement, although this was not considered in 
the analysis. Therefore, future studies should either control the number of times 
participant‟s viewing the training video or control for this factor in the analysis.  
Catteeuw and colleagues (2010) extended previous umpire research 
(Mascarenhas, Collins, Mortimer, & Morris, 2005) by controlling the number of times 
soccer assistant referees viewed clips within a video-based training program. Belgium 
national soccer league assistant referees were separated into either a training (n = 24) or 
control group (n = 14). The training group completed four offside decision-making 
training sessions, which contained both video (n = 20) and computer animations (n = 
20) of offside situations. After each trial an image of the correct decision (offside or not 
offside) was presented. The control group did not complete any training, only 
participated in the pre and post-tests. Post-test results indicated that the training group 
significantly improved offside decision-making accuracy compared to the control 
group. However, Catteeuw et al. did not consider whether there were differences in the 
effectiveness of video or computer animations.  
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A follow up study (Catteeuw, Gilis, Jaspers et al., 2010) addressed this limitation 
by examining whether video-clips or computer animations enhanced offside decision-
making performance. Elite Belgium assistant referees were recruited and separated into 
three groups: (i) video training (n = 9); (ii) computer animation training (n = 9); and (iii) 
control (n = 22). The two training groups completed four training sessions which each 
contained 30 trials of offside scenarios and were presented using either video or 
computer animations dependent on the training group. After each trial a slow motion 
presentation of the scenario was provided with the footage paused at the frame where it 
could be determined whether the player was offside. The control group did not 
participate in any training. All groups completed a pre and post video-based decision-
making test containing 40 video and 40 computer animation trials. Post-test results 
indicated that both training groups significantly improved offside decision-making 
performance. Further, at the post-tests there was no difference between the video and 
computer training groups. These findings provide initial evidence that both video and 
computer simulation training programs improve offside decision-making performance 
of assistant referees.  
Catteeuw and colleagues (2010) also examined whether participants perceived 
video or computer animations were more similar to real-world offside decision-making 
performance. Results indicated that participants perceived the video presentations to be 
more similar to real-world offside decision-making. As the video trials presented offside 
situations from an in-game viewing perspective of assistant referees, Catteeuw et al. 
suggested this may have contributed to the perception reported by assistant referees. 
This viewing perspective also means that the videos had greater ecological validity than 
the computer animations. Therefore based on this finding, future investigations should 
employ video-based methods instead of computer animations when developing 
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decision-making training programs. Future studies should be conducted to corroborate 
these findings in other sports.  
Contemporary video-based training programs have typically been conducted in a 
laboratory setting (Catteeuw, Gilis, Jaspers et al., 2010; Catteeuw, Gilis, Wagemans et 
al., 2010; Gabbett et al., 2007; Gorman & Farrow, 2009; Williams et al., 2003) 
however, recently alternative methods of training program administration have also 
been reported. Schweizer et al. (2011) investigated the effectiveness of an online 
(internet) video-based training program to enhance soccer referees decision-making 
performance. German state level referees where recruited into either a single 
presentation group (n = 19) which viewed the trial once and received feedback after 
each trial; a repeated presentation group (n =19) which viewed the trial and following 
feedback viewed the same trial again; or a control group (n =15) which did not 
undertake any training, but completed the pre and post-tests. The training program 
completed by the single presentation and repeated presentation groups required 
participants to make an infringement-based decision on a total of 144 video-trials over 
seven online training sessions.  
Post-test results indicated that both training groups made significantly more 
correct decisions than the control group (Schweizer et al., 2011). Further, compared to 
the repeated presentation group, a greater average increase in correct decisions from pre 
to post test was noted for the single presentation group, however this difference was not 
significant. This may suggest that assuming feedback is provided video-based training 
programs may not need to present the same clip on multiple occasions, although further 
studies are required to confirm this speculation. In addition, it is essential that 
investigators consider whether umpire video-based training programs transfer to in-
game decision-making performance.  
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LIMITATION OF VIDEO-BASED TRAINING RESEARCH 
There is evidence to support the effectiveness of video-based programs to train 
athletes‟ perceptual-cognitive skills (anticipation) (Abernethy et al., 1999; Farrow & 
Abernethy, 2002; Gabbett et al., 2007; Smeeton et al., 2005; Williams, Ward, Knowles, 
& Smeeton, 2002; Williams et al., 2003). However, these studies have focused on one-
on-one interceptive tasks such as predicting the direction of squash serve (Abernethy et 
al., 1999); tennis serve (Farrow & Abernethy, 2002; Williams et al., 2002); hockey 
penalty flick (Williams et al., 2003); tennis forehand shot (Smeeton et al., 2005); and 
fielding a softball hit (Gabbett et al., 2007). However, assessing and training the 
decision-making performance of invasion sport players and umpires is more complex 
and challenging due to the dynamic open-play environment in which decisions occur 
(Williams & Hodges, 2005).  
Emerging research has shown that video-based training programs can improve 
decision-making performance following 4-6 weeks of video training (Catteeuw, Gilis, 
Jaspers et al., 2010; Catteeuw, Gilis, Wagemans et al., 2010; Mascarenhas, Collins, 
Mortimer, & Morris, 2005; Schweizer et al., 2011). However, a limitation associated 
with these programs is the reliance on explicit instruction, which has been shown to 
accelerate the early stages of skill acquisition, but when the skills are performed within 
stressful environments there is a tendency for performance to decrease (Masters, 1992; 
Raab, 2003; Smeeton et al., 2005). As umpire decision-making performance occurs 
within a stressful game environment (McLennan & Omodei, 1996; Ollis et al., 2006) 
future investigations should consider developing training programs with less explicit 
instruction as this has been shown to elicit robust performance under stressful 
conditions (Masters, 1992; Raab, 2003; Smeeton et al., 2005).  
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Despite encouraging findings for the use of video-based training programs to 
improve umpire decision-making performance (Catteeuw, Gilis, Jaspers et al., 2010; 
Catteeuw, Gilis, Wagemans et al., 2010; Mascarenhas, Collins, Mortimer, & Morris, 
2005; Schweizer et al., 2011) a major limitation associated with these investigations is 
the lack of reported validity and reliability of the tests implemented to monitor 
performance changes. Accordingly, it is unknown whether video-based tests applied in 
these studies accurately measure decision-making performance changes, or is the by-
product of an unreliable test (Hopkins, 2000). Therefore, to advance current knowledge 
in this area further empirical evidence, using valid and reliable tests is required.  
In addition to reliability and validity issues, no umpire video-based training 
investigations have considered the retention of decision-making performance following 
training. Therefore, further research is required to demonstrate the potential lasting 
performance benefits of video-based training.  
Whilst investigations have shown the effectiveness of video-based training 
programs to improve decision-making performance (Catteeuw, Gilis, Jaspers et al., 
2010; Catteeuw, Gilis, Wagemans et al., 2010; Mascarenhas, Collins, Mortimer, & 
Morris, 2005; Schweizer et al., 2011) this improvement is only relevant to the video-
based testing measures. Currently there is no clear indication of the potential benefits of 
video-based programs to improve actual in-game decision-making performance. Several 
investigations with athletes have demonstrated that video-based anticipation training 
can transfer to physical performance (Farrow & Abernethy, 2002; Gabbett et al., 2007; 
Smeeton et al., 2005), however only one study has examined the transfer of athlete 
decision-making performance to competitive in-game performance (Gorman & Farrow, 
2009). As Gorman and Farrow found no in-game decision-making improvement, further 
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research is required to determine whether video-based decision-making training can 
provide in-game decision-making performance improvements.  
 
THEORETICAL FRAMEWORK 
Assessment and training of perceptual-cognitive skills in invasion sports, such as 
Australian football, is a challenging process, due to the unique game-play environment. 
The sources of perceptual information in invasion sports are a result of the interaction 
between offense and defence, and the structure and tactics of the competing teams. To 
control for the constantly changing and evolving game-play environment, Ericsson and 
Smith (1991) developed a descriptive and inductive framework known as the expert 
performance approach. This framework outlines the key stages for the examination of 
expert performance and informs methods and measures for future research directions.   
The first stage in the expert performance approach is capturing expert 
performance. This stage involves producing representative tasks, such as video-based 
testing, that replicate common stimuli present within the sports environment, to uncover 
expert advantage in sport. Previous investigations have provided clear understanding of 
the perceptual-cognitive differences between skilled and less skilled performers on 
video-based assessments (Berry et al., 2008; Borgeaud & Abernethy, 1987; Farrow et 
al., 2010; Larkin et al., 2011; Savelsbergh et al., 2002; Williams et al., 1993). The 
second stage of the framework identifies the underlying mechanisms that contribute to 
the perceptual-cognitive performance differences. Extensive research using video-based 
methods, especially the temporal occlusion method (Abernethy & Russell, 1987; Berry 
et al., 2008; Helsen & Starkes, 1999; Savelsbergh et al., 2002) and eye movement 
recording (Savelsbergh et al., 2002; Vaeyens et al., 2007; Williams et al., 2002) have 
shown that various perceptual-cognitive skills (e.g., anticipation, pattern recall and 
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decision-making) contribute to skilled performance. The final stage of the expert 
performance approach uses knowledge of the factors that contribute to expert 
performance to guide the development of effective practice methods. Therefore, this 
stage of the framework proposes the investigation of appropriate training intervention to 
guide the acquisition of perceptual-cognitive skills. Consequently, this dissertation 
explores this stage of the framework by investigating whether skilled decision-making 
performance can be acquired via participation in a video-based training intervention.   
Knowledge of techniques to improve perceptual-cognitive performance is of 
importance to the literature, however, reasons for development of training programs 
must also be considered. With greater understanding of the skills that contribute to 
expert performance, theories have been developed to explain the developmental 
processes of skilled performance such as Ericsson, Krampe and Tesch-Romer‟s (1993) 
theory of deliberate practice. Deliberate practice is defined as highly structured 
activities with the specific goal of improving performance. Therefore, Ericsson and 
colleagues state that to achieve expert performance a minimum of 10,000 hours 
deliberate practice is required in order to attain expertise. This ideology proposes a 
significant time investment is required by a performer prior to expert levels of 
performance is reached. As a result, new training programs should be developed with 
the aim to incorporate aspects of deliberate practice, such as providing opportunities to 
repeatedly perform skills (Ericsson et al., 1993). This is a challenge for Australian 
football umpires, who to obtain 10,000 hours of deliberate decision-making practice 
would have to officiate nearly 5000 games. Therefore, umpire decision-making training 
programs need to focus on strategies to hasten the development of decision-making 
performance outside of officiating games. So, this dissertation aims to use the theory of 
deliberate practice to develop a video-based training program that provides opportunity 
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to repeatedly perform decision-making skills with the aim to accelerate decision-making 
skill development.  
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CHAPTER 3 
STUDY 1: DEVELOPMENT OF A VIDEO-BASED DECISION-
MAKING TEST 
 
Correct decision-making is a key component of in-game performance for both 
athletes (Gréhaigne, Godbout, & Bouthier, 2001) and umpires (Catteeuw et al., 2009; 
Helsen & Bultynck, 2004; MacMahon et al., 2007), with skilled performance 
characterised by consistently and efficiently making correct decisions throughout a 
game (Gréhaigne et al., 2001). Numerous studies have considered athletes decision-
making skill (Berry et al., 2008; Gorman & Farrow, 2009) or underlying components 
such as anticipation (Abernethy & Russell, 1987; Helsen & Starkes, 1999; Savelsbergh 
et al., 2002) and pattern recall (Berry et al., 2008; Farrow et al., 2010; Savelsbergh et 
al., 2002) that contribute to decision-making performance. In contrast to the evidence 
base emerging on decision-making performance of athletes, worldwide few published 
studies have considered the decision-making skill of officials (Catteeuw, Gilis, Jaspers 
et al., 2010; Catteeuw, Gilis, Wagemans et al., 2010; Mascarenhas, Collins, Mortimer, 
& Morris, 2005; Schweizer et al., 2011). Despite the importance of correct decision-
making in Australian football, only one study to date (Larkin et al., 2011) has examined 
how to assess and/or monitor Australian football umpires‟ decision-making 
performance.  
In soccer and rugby, video-based tests have frequently been used to examine the 
decision-making performance of referees‟ (Catteeuw, Gilis, Jaspers et al., 2010; 
Catteeuw, Gilis, Wagemans et al., 2010; Mascarenhas, Collins, Mortimer, & Morris, 
2005; Schweizer et al., 2011). These investigations have all demonstrated the potential 
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for video-based tests to differentiate decision-making performance between skilled and 
less skilled umpires. This is consistent with studies of decision-making performance in 
athletes, where video-based tests have been used regularly (Berry et al., 2008; Gorman 
& Farrow, 2009). A possible reason for the frequent use of video-based tests for 
decision-making is that it enables presentation of dynamic visual information of 
developing in-game decision-making situations, which is not possible through 
presentation of static images. Presentation of dynamic visual information is important as 
it has been recognised that skilled performers use information early in an action 
sequence (or game-play) to assist decision-making accuracy (Chamberlain & Coelho, 
1993). Furthermore, if the video-based test reflects the sporting context it is likely to 
possess ecologically validity, even though it is likely to occur in a laboratory based 
setting.  
Despite encouraging findings for the use of video-based methods to assess the 
decision-making skills of athletes (Berry et al., 2008; Gorman & Farrow, 2009) and 
sports officials (Catteeuw, Gilis, Jaspers et al., 2010; Catteeuw, Gilis, Wagemans et al., 
2010; Larkin et al., 2011; Mascarenhas, Collins, Mortimer, & Morris, 2005; Schweizer 
et al., 2011), a major limitation of these studies is that they have not indicated whether 
their decision-making test had good reliability and/or validity. This is of concern as the 
quality of a test is usually assessed through documented validity and reliability. Further, 
without this assessment the instrument may not measure what it claims to measure, and 
it is not possible to determine the consistency of responses obtained through them 
(Hopkins, 2000). This is problematic when investigating decision-making performance 
as it is possible that current video-based decision-making tests do not actually measure 
decision-making performance, and it is also unclear whether performance differences 
are a result of skill differences or an unreliable test. Therefore, further empirical 
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research is needed to determine the validity and reliability of video-based tests before 
the continued use of such measures in this area.  
As a starting point, new video based decision-making tests should be based on the 
recognised theoretical frameworks that underpin sport-based decision-making 
performance. Therefore, video information must provide a decision-making situation 
that enables the generation of possible outcomes before selecting an appropriate 
decision (Farrow & Raab, 2008). Additionally, for a test to be specific to an umpire 
cohort the video must present scenarios where participants can apply their knowledge of 
game rules (Mascarenhas, Collins, & Mortimer, 2005). By acknowledging the 
theoretical underpinnings of sport-based decision-making it is likely that the quality of 
decision-making tests will be improved. However, prior to the implementation of video-
based methods to measure perceptual-cognitive performance further research is required 
to establish their validity and reliability.  
 
PURPOSE 
The purpose of this study was to (i) develop a video-based testing tool to examine 
the decision-making skill of Australian football umpires; and (ii) establish the validity 
and reliability of this test prior to using this measure to assess decision-making 
performance. 
 
METHOD 
PARTICIPANTS 
Participants were recruited from a cohort of Division One competition umpires 
from metropolitan (Victorian Amateur Football Association Umpire Association 
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[VAFAUA] n = 25) and regional (Geelong Football Umpires League [GFUL] n = 17; 
Ballarat Football Umpires Association [BFUA] n = 14) Victoria. An additional group of 
Exercise and Sport Science students (n = 45) from the University of Ballarat were 
selected to enable construct validity to be established and provide an appropriate sample 
size for reliability tests. All students had experience playing competitive local level 
Australian football, but limited experience in umpiring competitive games. Ethics 
approval was granted by The University of Ballarat Human Research Ethics Committee 
(Approval Number: B10-013) (see Appendix 2 for statement of ethics approval). 
 
DEVELOPMENT OF THE VIDEO TEST 
The Video Test. In total 23, games from the 2007-2009 Australian Football League 
seasons were recorded (with approval from the AFL) to a Windows Audio Visual 
Interleave (.avi) format. As infringement identification was considered the key 
determinant of umpire performance, specific inclusion criteria were developed to enable 
objective selection of decision-making situations from recorded games. The inclusion 
criteria involved three main components: (i) rule infringement or possible rule 
infringement; (ii) sufficient information to make an educated decision; and (iii) the 
camera angle was reflective of in-game decision-making. Following the establishment 
and consensus of the inclusion criteria, each game was reviewed (using Windows Media 
Player Version 10) between two and four times for critical decision-making situations 
that met all of the criteria. 
Following the completion of the in-game footage review, several different game 
scenarios (which may or may not have included an infringement) were edited to an .avi 
format using the ADOBE Premiere Pro CS4 video editing package and catalogued. A 
total of 700 clips were edited and catalogued with clips between 6-15 seconds in length. 
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This clip length was deemed sufficient as it provided adequate time for the participants 
to orientate themselves in the context of play (Berry et al., 2008; Smeeton, Ward, & 
Williams, 2004). Each edited clip commenced during a break in play or at point in open 
play where a player was in sole possession of the ball.  
In accordance with video-based research the occlusion method was used where a 
video-clip containing a task is presented and, following a critical point, the footage is 
blacked out, or occluded (Farrow et al., 2010). The objective of this method of 
presentation was to provide the participant with time to evaluate the entire passage of 
play and to make an educated decision based on the full game-play information. For 
example, in a high tackle incident (see Appendix 3 for Rules of Australian Football) 
between two players, the video footage may show the arm go up towards the head, 
contact made around the neck and the follow through of the contact. This method was 
used because current in-game decision-making instructions state that umpires must 
watch the whole incident and collect as much information as possible before making a 
decision (Australian Football League Tasmania, 2011). During the clip, the game-play 
evolved and prior to occlusion a situation or incident was shown where a decision had 
to be made according to the AFL laws of the game (Australian Football League, 2012a). 
Table 3.1 shows the number of clips catalogued for each type of infringement incident.  
To ensure the videos provided adequate information to enable a decision, the 700 
catalogued clips were further reviewed using Windows Media Player Version 10. While 
the inclusion criteria required a camera angle that was representative of in-game 
decision-making, in the additional review process the clip was only deemed appropriate 
if the camera angle allowed direct view of the incident. This process yielded 156 
suitable testing clips.  
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Table 3.1  
The decision outcome for each of the clips within the testing catalogue. 
Type of Decision Outcome Number of Clips Developed 
Play On 
240 
Ball Up 89 
High Tackle 65 
Holding the ball 89 
Holding the Man 54 
Push in the Back 68 
Marking Infringement 20 
50 Metre Penalty 5 
Boundary Throw 9 
Throw 9 
Mark 51 
Trip 1 
 
Test Structure. The video based test was developed using the ADOBE Premiere Pro 
CS4 video editing package. At the commencement of each video trial, a yellow screen 
was presented for 2 seconds with the trial number overlayed to forewarn participants of 
the impending trial. Following the fore-period one of the 156 suitable clips was 
presented. Audio information was removed from the footage to ensure this did not 
influence participant responses.  
The video-clip presented an evolving passage of game-play which concluded with 
normal player contests around the ball. Each video-clip occluded 1 second after a 
potential infringement to provide a sufficient amount of information for the participant 
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to make a decision. At the point of occlusion a static image of the last frame of the clip 
was presented for 0.5 seconds, followed by a blue screen with the words „make your 
decision‟ overlayed. The blue screen indicated the commencement of the answering 
period, which was 6 seconds in duration. Pilot testing of various answering period 
lengths indicated that 6 seconds was sufficient time for participants to record their 
decision/answer. Within the answering period, participants documented whether there 
was an infringement or not (yes/no); the team committing the infringement; and their 
interpretation of the presented situation. Figure 3.1 provides an example of a completed 
answer sheet. It shows that this participant answered yes to an infringement, the 
Western Bulldogs committed the infringement, and the interpretation was holding the 
ball (HTB). Immediately following the answer period, a red screen appeared for 2 
seconds to indicate the transition to the next trial. This sequence of events was identical 
for each video-clip and for the duration of the test. 
 
Figure 3.1. Example of the video-based test trial response (Note: HTB indicates holding 
the ball). 
 
The time constraint was implemented as the in-game decision-making process 
occurs under pressure due to game dynamics (Casanova et al., 2009). Therefore, by 
providing a time pressure to make a decision, the video-based test is more likely to 
reflect of in-game decision-making. 
Face Validity. Face validity refers to whether a test appears to be an adequate 
measure of a variable (Jackson, 2011). For example, a decision-making test measures 
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decision-making performance, meaning the test is valid by definition. Therefore, to 
ensure decision-making opportunities were provided in the video-based test the stages 
of Sport Decision-Making Model (Farrow & Raab, 2008) and Cornerstones Model for 
Refereeing Performance (Mascarenhas, Collins, & Mortimer, 2005) were considered. 
This ensured that each trial incorporated the stages of decision-making (presentation of 
the problem, generation of possible outcomes, and action selection [Farrow & Raab, 
2008]), while including sport-specific examples to enable decisions to be made in 
relation to umpires‟ knowledge and application of the rules (e.g., tackle contests) 
(Mascarenhas, Collins, & Mortimer, 2005).  
Another aspect to consider when assessing face validity is how closely the test 
stimulus resembles the natural environment in which the skill is conducted. The natural 
environments of invasion sports are extremely difficult to replicate due to in-game 
variables such as time in the game, player motivations and pressure from the crowd 
(Fontana, 2004). A further challenge is gaining the in-game viewing perspectives of an 
umpire which is restricted by technology and playing regulations (Mann et al., 2009). 
Therefore, video footage from a sideline or broadcast viewing perspective is widely 
regarded as appropriate as it still replicates the actual playing environment, while 
ensuring that critical and relevant decision-making information can be identified (Berry 
et al., 2008; Johnson, 2006; Larkin et al., 2011).  
Content Validity. Content validity is the “degree to which a test adequately samples 
what is covered in a course” (Thomas, Nelson, & Silverman, 2011, p. 194). This type of 
validation is generally conducted in educational setting however, for areas such as 
perceptual-cognitive skill testing, content validity can be determined by evidence of 
independent verification (Thomas et al., 2011). This is usually conducted by having a 
group of experts within the area assess whether the test is representative of key 
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performance criteria. In this study, assessment of content validity ensured the video-
clips contained information representative of in-game umpiring decisions. To establish 
content validity, an expert panel of current AFL umpires (n = 7) and elite level umpire 
coaches (n = 2) were invited to attend a facilitated session to review the test and provide 
opinions and critical feedback on the video-clips and testing protocol. The facilitated 
session included round table discussion on specific components of the testing structure. 
Specific feedback was noted by the PhD researcher and addressed prior to 
implementation of the test to improve overall test quality. 
Construct Validity. Construct validity has been defined as “the degree to which 
scores from a test measure a hypothetical construct” (Thomas et al., 2011, p. 197), 
therefore indicating if the variables being assessed are a true measure of what is being 
measured. An assessment of construct validity can be achieved by examining known 
group differences (Thomas et al., 2011), such as decision-making performance 
differences between skilled and less skilled individuals. Larkin et al. (2011) found that 
video-based decision-making tests can be used to differentiate skilled and less skilled 
Australian football umpires. Accordingly, the new test developed for this project was 
based Larkin et al.‟s established test protocol. However, the new video-based test 
incorporated more recent and diverse video footage of game scenarios and utilised more 
sophisticated technology in the preparation and delivery of the video footage. Construct 
validity of the enhanced test was established by determining whether the test could 
differentiate between Australian football umpires and Exercise and Sport Science 
students.  
Reliability. Reliability provides an indication of the consistency or repeatability of a 
testing instrument (Jackson, 2011; Thomas et al., 2011) and is an important 
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consideration during test development. Reliability assessment ensures the tests 
measures in the same way each time it is administered (Jackson, 2011). 
To determine the stability of individual responses, test re-test reliability was 
conducted over a short time interval (14 days). This time interval adheres to the 
recommendations of Pedhazur and Pedhazur-Schmelkin (1991) who reported the time 
interval between the two administrations should be short (preferably 10 to 24 days) to 
assess random differences that characterise the test rather than changes in behaviour and 
ability. Participants in this study completed the test on two occasions and on both 
occasions, standardised procedures and instructions were followed. Further detail of the 
reliability testing is provided in the procedures.  
 
PROCEDURES 
The reliability test was administered in two phases due to the different groups that 
completed the test. In the initial phase, two separate 15-minute tests containing 50 trials 
were administered to two groups of Exercise and Sport Science students. The test was 
projected onto a 2.1metre (m) viewing screen from a laptop computer. Prior to the test a 
short familiarisation session was conducted with all participants. This session included 
five step-by-step examples where a clip was viewed and an explanation of the correct 
answer provided. Following the step-by-step examples, participants completed five 
practice trials. Participants were asked to “umpire” the clip based the laws of the game 
and on the information presented (see Appendix 4 for pre-test instructions script). All 
practice trials were presented using the same procedure as the testing session to enable 
test familiarisation. Following the completion of the practice trials participants 
completed the 50 clip test. After a two week time period the participants returned to 
complete the same testing protocol.  
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The second phase of the testing utilised metropolitan and regional Victorian 
division one competition umpires. The test contained 24 clips that were considered 
reliable from the student cohort and a further 56 clips from the testing catalogue 
resulting in a video-based test of 80 trials. The reason for the presentation of different 
clips was to enable more clips to be tested for reliability. The testing protocol for this 
cohort was administered in the same way as to the student cohort (in terms of practice 
trials and instructions). This session was conducted during normal training time, and 
took 27-minutes. 
 
DATA ANALYSIS 
Each clip was scored based on the correct response as determined by an expert 
panel of umpire coaches (n = 3, GFUL head umpire coaches). The coaching panel 
consisted of three expert umpire coaches who had, on average, 15 years Australian 
football umpiring experience and 8 years of umpire coaching experience. The coaching 
panel were presented with the individual clips, and individually recorded their response. 
All responses were collated and tallied with any discrepancies in the outcome of the clip 
discussed in a round table forum until 100% agreement was reached for the clip 
infringement decision. For analysis purposes the outcomes decided upon by the coaches 
were deemed as correct. 
Individual clips were scored on two components: (i) correct identification of 
infringement; and (ii) correct interpretation. A score of one indicated the participant had 
correctly identified the presence or absence of an infringement. A score of two was 
allocated if the participant correctly identified the presence/absence of an infringement 
and also interpreted the infringement/non-infringement correctly (e.g., as shown in 
67 
 
Figure 3.1, yes, holding the ball). If the first component was incorrect a score of zero 
was allocated.  
Data were double entered and cleaned in Microsoft Excel and transferred to 
Predictive Analytics SoftWare (PASW) Version 18.0 for reliability analysis. Cohen‟s 
Kappa statistic was used to determine test-retest reliability of each individual clip. 
Kappa values were categorised according to the reliability scale established by Landis 
and Koch (1977): poor agreement (< 0.00); slight agreement (0.00 – 0.20); fair 
agreement (0.21 – 0.40); moderate agreement (0.41 – 0.60); substantial agreement (0.61 
– 0.80); almost perfect agreement (0.81 – 1.00). Kappa values > 0.3 (fair agreement) 
were considered appropriate for inclusion in the decision-making test due to the 
complex nature of invasion sports decision-making.  
To assess construct validity, a one-way analysis of variance (ANOVA) was 
conducted to determine decision-making performance differences between groups 
(students and umpires). Performance differences of the two groups were determined by 
calculating a performance score from the 24 consistent clips presented to both students 
and umpires in the reliability testing. An overall score was calculated to determine 
whether there were significant performance differences between umpire and student 
groups. An alpha (α) level of <0.05 was considered significant.  
 
RESULTS 
A preliminary set of 100 video-clips presented to the student cohort were analysed 
for test re-test reliability. Results indicated that 24 clips had a kappa value greater than 
0.3, which is congruent with Landis and Koch (1977) definition of fair agreement. 
During the second phase of the testing protocol (which presented the additional 56 clips 
to the umpires) a further 24 clips were found to have a kappa value greater than 0.3. 
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Accordingly, a total of 48 clips were considered reliable and appropriate for inclusion in 
the study. Five clips were considered to have almost perfect agreement; four clips had 
substantial agreement; 26 had moderate agreement; and 13 fair agreement. Table 3.2 
illustrates the Kappa values for the 48 clips that were considered reliable.  
To assess for construct validity, the 24 clips shown to be reliable within the 
student cohort were re-assessed in the 80 clip test presented to the umpire. A significant 
between group difference was found on both administrations of the test, with the umpire 
group performing significantly better than the Exercise and Sport Science students on 
test administration one (F(1, 99) = 10.13, p < 0.01, partial η
2
 = 0.09) and test 
administration two (F(1, 99) = 7.91, p  < 0.01, partial η
2
 = 0.07). 
 Table 3.2  
Cohen‟s Kappa values for each of the 48 video-clips selected for use in the video-based test. 
Clip Number 
Cohen's Kappa 
Value 
Clip Number 
Cohen's Kappa 
Value 
Clip Number 
Cohen's Kappa 
Value 
1 1.00 17 0.52 33 0.42 
2 1.00 18 0.50 34 0.40 
3 1.00 19 0.48 35 0.40 
4 1.00 20 0.48 36 0.40 
5 1.00 21 0.48 37 0.39 
6 0.75 22 0.47 38 0.38 
7 0.65 23 0.46 39 0.36 
8 0.65 24 0.46 40 0.36 
9 0.63 25 0.46 41 0.35 
10 0.60 26 0.45 42 0.34 
11 0.59 27 0.45 43 0.32 
12 0.59 28 0.44 44 0.32 
13 0.56 29 0.43 45 0.31 
14 0.55 30 0.43 46 0.31 
15 0.54 31 0.43 47 0.30 
16 0.53 32 0.42 48 0.30 
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DISCUSSION 
Video-based methods of assessment have been commonly used to evaluate 
perceptual-cognitive performance of sports athletes and officials (Abernethy, 1990; Berry 
et al., 2008; Farrow et al., 2010; Larkin et al., 2011; MacMahon, Starkes, & Deakin, 2007). 
Despite the frequent use of video-based methods, few studies have indicated whether the 
tests used to assess performance are valid and reliable (Gabbett et al., 2007). Furthermore, 
no studies have explicitly reported the potential issues associated with using a video-based 
test with unknown validity or reliability. This is problematic as without establishing 
validity it is unclear whether a video-based test measures what it claims to measure (i.e., 
decision-making performance). In addition, without assessing reliability it is unknown 
whether a change in participant performance is a result of an intervention or due to an 
unreliable test. Therefore it is imperative that newly developed video-based tests assess the 
validity and reliability to ensure that the test consistently measures decision-making 
performance (Thomas et al., 2011).  
This study contributes considerably to the perceptual-cognitive research as it assessed 
the validity (face, content and construct) and reliability (test re-test) of a new video-based 
decision-making test. Establishing validity in this study ensured the test measured decision-
making performance of Australian football umpires which was the key outcome of interest. 
Whilst face validity is considered the lowest level of validity (Gadotti, Vieira, & Magee, 
2006), this was considered a logical starting point because no video-based decision-making 
tests have reported validity. Face validity was established through the test development 
process, as all videos incorporated the stages of sport decision-making (presentation of the 
problem, generation of possible outcomes, and action selection) (Farrow & Raab, 2008). In 
addition, the decision-making scenarios incorporated knowledge and application of the 
game laws, as this is considered a fundamental component of umpire performance 
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(Mascarenhas, Collins, & Mortimer, 2005). Finally, four skill acquisition specialists 
reviewed and commented on the test, with all feedback addressed for test improvement. As 
face validity is easily established, it is recommended that future studies which develop and 
implement new video-based tests consider and report face validity to ensure decision-
making tests actually measure what they claim to measure. However, to ensure quality 
measures are developed and implemented within the perceptual-cognitive domain, 
construct, content and criterion validity should also be considered.  
In this study, a facilitated round table discussion with expert umpires and umpire 
coaches was used to determine the appropriateness of the video content within the video-
based test and enabled content validity to be established. Sireci (1998) stated that expert 
practitioners should evaluate new tests to ensure the content represents the domain being 
measured. Assessment of content validity in this study demonstrated that the clips selected 
for the video-based tests were representative of the important decision-making aspects of 
the game.  
Several other video-based investigations have reported using expert panels to 
determine the correct decisions in video-based tests (Mascarenhas, Collins, Mortimer, & 
Morris, 2005; Schweizer et al., 2011) however, these investigations have not explicitly 
reported whether these panels were also used to assess content validity. As establishment of 
content validity only requires assessment of a test on face value (Gadotti et al., 2006; 
Jackson, 2011) future studies that are considering the use of experts to determine 
correct/incorrect decisions, should also invite these individuals to provide feedback 
regarding the appropriateness of the content and context of the videos. This would require 
little additional time commitment from an expert panel, but would provide more scientific 
rigour to a new decision-making test as content validity would be established. 
Alternatively, researchers and practitioners could consider presenting and obtaining 
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feedback on a new decision-making test at a conference and/or forum with skill acquisition 
experts. This would be another effective and efficient way of establishing content validity.  
For a perceptual-cognitive test to have construct validity, it is imperative that the test 
can differentiate between decision-making performance of expert and novice performers. 
Perceptual-cognitive research studies have demonstrated that it is possible to differentiate 
between levels of performance through the use of video-based tests (Berry et al., 2008; 
Farrow et al., 2010; Larkin et al., 2011). Thus, it is possible to retrospectively suggest that 
tests used in these studies had construct validity. To date, no study has reported the 
construct validity of video-based tests prior to implementation. This study makes a 
significant contribution to the umpire decision-making literature as it demonstrates it is 
possible to prospectively measure and establish construct validity of a video-based test.  
In addition to a lack of validity, few investigations have reported the reliability of 
video-based tests (Gabbett et al., 2007). The implications associated with utilising a test 
with a lack of, or unknown reliability is, it is unclear whether differences in decision-
making performance are due to random testing error or changes in actual participants‟ 
performance (Gadotti et al., 2006). Thus, to accurately monitor and measure changes in 
decision-making performance a reliable test is required (Hopkins, 2000). By establishing 
the test-retest reliability of 48 decision-making trials in this study, future investigations 
assessing decision-making performance of Australian football umpires can use these clips 
as a starting point to reliably and accurately monitor changes in performance.  
The results of this study highlight the importance of establishing validity and 
reliability of video-based test that assess decision-making performance. Interpretation of 
the results should however, be considered in respect to methodological limitations. First, 
concurrent validity (how well the test correlates with a criterion, such as coaches ratings of 
in-game performance [Thomas et al., 2011]) could not be assessed as testing was conducted 
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during pre-season (December, 2009). Accordingly, coaches were not able to provide ratings 
of participant‟s in-game decision-making performance as no games were scheduled during 
this time. Second, the decision-making test was dependent on two-dimensional footage 
which may not provide a true reflection of in-game decision-making, as some information 
may only be observed using three-dimensional real-world presentation. While three-
dimensional technology has recently emerged, as Australian football is only televised in 
two-dimensions it was not possible to obtain three-dimensional video-clips to develop the 
test. It is likely however, that with further technological advances this could be addressed in 
future studies. Third, the video footage was presented from a sideline, or broadcast footage, 
and not from an in-game perspective of an umpire. The effect of camera angle on decision-
making performance was likely to be minimal, particularly as all clips provided adequate 
information to enable a decision to be made. Finally, the test was specifically designed for 
Australian football. Therefore, while video-based tests are likely to be valuable for 
examining decision-making in other sporting contexts, specifically designed tests that have 
established validity and reliability would be required.  
 
CONCLUSIONS 
Decision-making skill is a fundamental performance component for umpires within 
the domain of invasion sports. Few studies, however, have employed dynamic video-based 
tests to examine decision-making skills of Australian football umpires. Therefore, newly 
developed tests need to measure and report validity and reliability to ensure that the test 
provides an accurate and consistent measure of decision-making performance. Face, 
content and construct validity were demonstrated within the current study, which indicates 
that the testing instrument is a representative measure of decision-making skill in 
Australian football umpires. The reliability study also provided evidence that 48 clips 
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consistently measured decision-making skill over a two week time period. This 
investigation provides evidence of a reliable and valid decision-making test which can be 
used (pre and post) to detect improvements in decision-making following the 
implementation of a video-based intervention. 
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CHAPTER 4 
STUDY 2: VIDEO-BASED TRAINING INTERVENTION 
 
One feature of sport-specific, in-game decisions is that they are naturalistic, meaning 
that a decision is made by a performer with a degree of task familiarity and the decision is 
naturally encountered in the playing environment (Johnson, 2006). Invasion sports provide 
a unique, evolving environment to study game based decision-making, however, as the 
environment is constantly changing decision-making skills become difficult to learn 
(Casanova et al., 2009). Decision-making in invasion sports has been defined as the “case 
by case action choices that are made, which incorporate strategy” (MacMahon & 
McPherson, 2009, p. 569). This definition represents in-game decision-making from the 
perspective of an athlete, but does not represent umpires‟ in-game decision-making. 
Despite the importance of in-game decision-making, there is currently no operational 
definition for umpires‟ decision-making. For this dissertation it will be defined as the 
cognitive processes (including visual search of relevant cues, generation of possible 
outcomes, and selection of a decision) that inform the final decision. This definition is more 
appropriate for umpire decision-making because umpires perceive the relevant stimuli 
(such as body movements and actions), generate possible outcomes, and then make an 
appropriate decision based on this information and their knowledge of the rules.  
There is robust evidence to support the effectiveness of video-based programs in 
training perceptual-cognitive skills, particularly anticipation (Abernethy et al., 1999; 
Gabbett et al., 2007; Williams et al., 2003). However one limitation of these studies is the 
focus on specific-skill situations within racquet and bat sports such as a squash return of 
serve (Abernethy et al., 1999) or fielding a softball (Gabbett et al., 2007). To date, few 
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investigations have examined perceptual-cognitive skills within dynamic open-play 
situations (Mascarenhas, Collins, Mortimer, & Morris, 2005) possibly because the process 
in open-play situations is more complex and challenging to investigate (Williams & 
Hodges, 2005), because decisions are rarely repeated in quick succession (Poulton, 1957).  
Another limitation of the contemporary literature is the dependence on explicit 
instruction during the training phase (Abernethy et al., 1999; Gabbett et al., 2007; 
Mascarenhas, Collins, Mortimer, & Morris, 2005). Explicit methods of instruction can 
accelerate the early stages of learning, by linking relevant advance cue information to the 
performance outcomes (Smeeton et al., 2005) however, explicit instruction may lead to 
decreased performance in stressful conditions (Masters, 1992; Raab, 2003; Smeeton et al., 
2005). In contrast, individuals who learn via discovery learning approaches, experience a 
longer skill acquisition phase, yet present more robust performance under stressful 
conditions. Within Australian football, traditional umpire training programs are explicit in 
nature (Clark, 2011) which may lead to substandard in-game performance, especially in the 
stressful environment of Australian football. Thus, there may be potential benefits in 
substituting traditional training approaches for a discovery learning method. Further studies 
are required to provide empirical evidence to confirm or refute the effectiveness of such an 
approach for umpire decision-making training.  
In sport, the complex processing of information in the context of competition is a 
central and defining perceptual-cognitive skill (Mann, Williams, Ward, & Janelle, 2007). 
For Australian football umpires, training sessions typically comprise physical fitness, skill-
based activities and explicit lecture style meetings to inform umpires of rule interpretations 
(Clark, 2011). Minimal time is allocated to decision-making skill development meaning 
that the best source of practice is usually umpiring matches (Catteeuw et al., 2009). 
However, to develop expert skills the frameworks of skill development highlight that 
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significant investment, such as 10,000 hours of deliberate practice is required (Ericsson et 
al., 1993). For Australian football umpires to accumulate this amount of decision-making 
practice from game experience alone, umpires would have to officiate nearly 5000 games. 
Therefore, strategies such as video-based training need to be assessed to determine whether 
umpires can enhance decision-making skills without extensive in-game experience.  
Few studies have examined the effectiveness of video-based training for officials, 
however results have indicated positive outcomes (Mascarenhas, Collins, Mortimer, & 
Morris, 2005; Schweizer et al., 2011). Mascarenhas and colleagues identified positive skill 
improvements in less experienced referees following perceptual-cognitive training. 
Therefore, video-based training programs may accelerate the skill development of less 
experienced referees. A limitation of these studies was the short term intervention (6 
weeks) implemented, particularly as improvements in skill development have been 
observed over a longer period in most domains (i.e., physical, technical) (Berry et al., 2008; 
Bloom, 1985; Côté, 1999; Ericsson et al., 1993). Additionally, neither Mascarenhas and 
colleagues (2005) or Schweizer et al. (2011) conducted follow up testing to determine the 
robustness and longevity of the perceptual-cognitive performance gains. Therefore, to 
enhance current knowledge regarding the ability of a training program to elicit skill 
learning, the training program should be administered over a greater duration, with 
appropriate retention testing to understand learning benefits (Berry et al., 2008).  
 
PURPOSE 
The purpose of this study was to investigate the effects of an extended (12 week) 
sport-specific video-based training intervention (using less explicit methods of instruction) 
to improve umpires‟ decision-making performance. The training program provided a 
diverse range of in-game situations via video-based occlusion methods that might otherwise 
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take years to encounter (Mascarenhas, Collins, Mortimer, & Morris, 2005). Therefore, 
compared to participants who do not undertake training, there is potential that such a 
program may accelerate the decision-making performance of both experienced and less 
experienced umpires. Importantly, this is the first investigation designed to specifically 
understand if video-based methods can be used as a training strategy in Australian football. 
To investigate this purpose, the following hypotheses were considered: 
 
HYPOTHESES 
(i) The video-based intervention group will demonstrate a significant improvement 
in decision-making performance from pre-test to retention test. 
(ii) When split by level of experience, there will be a significant difference in 
decision-making performance between the intervention and control group. 
(iii) The video-based intervention group will perform significantly better than the 
placebo and control groups on the post-test and retention test. 
 
METHOD 
STUDY DESIGN 
This study used a quasi-experimental design to examine the effects of video-based 
training on the decision-making performance of Australian football umpires. This design 
was considered appropriate as umpire associations were conveniently selected and to avoid 
contamination of data, umpire associations had to be purposely allocated to a group. Thus, 
it was not possible to use a randomised control design. 
This design incorporated three groups (i.e., intervention, placebo and control) that 
were tested on three different occasions (pre-training, post-training, and following a 2 week 
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retention period). The two training groups (i.e., intervention and placebo) participated in a 
12 week video-based training program. In an attempt minimise participant attrition, the 
training program was conducted following normal umpire training sessions, which was 
recommended by umpire coaches. Umpire coaches strongly encouraged participants to 
partake in the program because of the potential benefits to umpire performance, however 
participation was not compulsory. While this investigation attempted to test a placebo 
group, only four participants (10% of the placebo group) completed all three testing 
sessions. Consequently, the placebo group was excluded from the statistical analysis and 
only two groups (intervention and control) were compared. 
The aim of the intervention group training was to enhance decision-making 
performance. The training program developed for the intervention group utilised a 
discovery learning approach. A key aspect of the discovery approach is the lack of 
instruction related to the key performance information (Masters, 1992), with participants 
encouraged to discover for themselves the links between perceptual cues and performance 
(Smeeton et al., 2005).  Within the current study, participants were informed that the 
training program was designed to train decision-making performance and were encouraged 
to use information within the video clip to inform their decision. In addition, the video-
presentations were manipulated over the course of the program to encourage participants to 
discover more advanced cue information during the decision-making process. Finally, 
during the program no explicit instruction or feedback regarding key decision-making 
information or performance outcomes was provided to the participant. Therefore, the 
program promoted participants to discover the vital cues relating to decision-making. Due 
to the less explicit instruction provided during training there is potential for this approach to 
enhance perceptual-cognitive performance within stressful environments, such as in-game 
situations (Smeeton et al., 2005). 
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The placebo group training aimed to improve umpire positioning and reading of the 
play, however, no direct infringement-based decision-making tasks were undertaken. As is 
customary with other sport studies (e.g., Gabbett et al., 2007; Gorman & Farrow, 2009) the 
placebo group was treated as another training group. It was assumed the placebo group 
would present similar baseline performance scores to the control and intervention group, 
however no decision-making improvements were expected. Therefore, any differences in 
performance between the intervention and placebo group were likely to be due to the 
structure and focus of the intervention group training program. The control group did not 
complete any training, just participating in the pre, post and retention tests. The control 
group was included to provide a base-level measure for comparison with the video-based 
training groups (intervention and placebo).  
To decrease the likelihood of data contamination between training groups 
(intervention and placebo), umpire associations were randomly allocated to one of the 
training protocols, either decision-making video training (intervention group) or training 
related to umpire positioning and reading the play (placebo group). Two umpire 
associations (BFUA and GFUL) were allocated to the intervention group and one umpire 
association was allocated to the placebo group (VAFAUA). Group allocation followed a 
single blind method with the PhD researcher aware of which umpire association was 
allocated to each training group, but the umpire association and individual participants were 
blind to the training program they were assigned. This method was implemented to 
minimise the likelihood of bias or motivational problems during the administration of the 
training program.  
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PARTICIPANTS 
To ensure participants were of similar umpiring standard, in correspondence with 
expert umpire coaches and administrators from the AFL, metropolitan and regional 
Victorian Division One competitions were targeted. Four different umpire associations, two 
regional and two metropolitan, were contacted via email and invited to participate. Three 
umpire associations accepted the invitation and meetings were organised with the head 
coaches and board members of these three associations to explain the study and answer any 
questions. Ethics approval was granted by The University of Ballarat Human Research 
Ethics Committee (Approval Number: B10-013) (see Appendix 2 for statement of ethics 
approval). 
To determine the minimum number of participants required within the study to 
present a meaningful effect, power analysis was conducted in G-Power 3.1 (Erdfelder, Fual, 
& Buchner, 1996). Within the training program, three training groups were used for 
statistical comparisons. The power analysis indicated that to gain a medium effect size 
(0.25) with 84% power, each group required a minimum of 10 participants therefore, a total 
of 30 participants. Thus, a large sample size was recruited from metropolitan and regional 
umpiring associations (n = 116) resulting in 38 participants in each group. This allowed for 
a moderate attrition rate over the course of the testing and training program. Participants 
ranged from 16 to 60 years (M = 33, SD = 12.0 years) and field umpire experience ranged 
from 0 to 800 games (M = 320, SD = 204.7).  
 
MEASURES 
Demographics Questionnaire. A demographic questionnaire of nine questions was 
used to determine sporting and umpiring experience of the participants. Information of past 
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and present sporting experiences was collected, including age, the number of games 
umpired, years of umpiring experience, and Australian football playing experience. A copy 
of the demographics questionnaire is provided in Appendix 5.  
The Video-Based Test. Consistent with other perceptual-cognitive testing (Catteeuw, 
Gilis, Jaspers et al., 2010) a video-based test that consisted of 80 video trials (48 valid and 
reliable clips from Study 1 and 32 other clips) was used. The additional 32 clips were 
included to minimise learning effects associated with remembering clip outcomes and 
therefore they were not tested for validity and reliability, nor included in the statistical 
analysis. The test was constructed using ADOBE Premiere Pro CS4 video editing package 
which enabled the 80 video-clips to be edited for testing purposes. Video-clips were 
randomly sequenced for each test administration (pre, post, retention) to minimise the 
likelihood of any learning effects. The test was developed and presented using an identical 
protocol to Study 1 and was approximately 26-minutes in duration. Correct outcomes for 
each clip were determined by the umpire coaching panel, as described in Study 1. For 
analysis purposes the outcomes decided upon by the coaches were deemed correct, with 
59% of the presented clips containing an infringement. 
 
TRAINING INSTRUMENT 
The instrument used in the training phase of this investigation was a video-based 
program. The development of this video-based training program involved developing a 
catalogue of video-clips for training purposes. This development is described in the 
following section. 
Development of Training Video-Clip Catalogue. For training purposes, 36 elite 
level AFL games (from the 2007-2010 AFL seasons) and eight local level football games 
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(recorded from the 2010 Ballarat Football League [BFL] season) were recorded with 
permission of the AFL and BFL, and formatted to a Windows Audio Visual Interleave 
(.avi) file. Recorded AFL footage was presented from the central wing, using commercial 
television broadcast vision. Local level games were recorded by the PhD researcher, with 
the camera angle replicating commercial television broadcast footage. Video footage 
presented from a sideline or broadcast position is widely regarded as appropriate for use in 
perceptual-cognitive activities (Berry et al., 2008; Johnson, 2006; Larkin et al., 2011). 
Footage from this position provides a simulation of the actual domain, while enabling the 
most critical and relevant information to be identified.  
Each recorded game was extensively reviewed (using Windows Media Player 
Version 10) for infringement-based situations to ensure critical and relevant information 
was present in the footage. Similar to Study 1, passages of play that adhered to the 
inclusion criteria ((i) rule infringement or possible rule infringement; (ii) sufficient 
information to make an educated decision; and (iii) the camera angle was reflective of in-
game decision-making and appropriate to make a decision) developed a priori were edited 
to an .avi format and catalogued using ADOBE Premiere Pro CS4 video editing package. 
Each clip, usually 15-30 seconds in length, commenced during a break in play or at 
point in open play where a player was in sole possession of the ball. The edited clips 
contained the full scenario including: evolving game-play information; the situation or 
incident where a clear decision could be made according to the AFL laws of the game 
(Australian Football League, 2012a); and the in-game decision outcome. The review and 
editing process led to a catalogue of 1000 short video-clips of competitive in-game 
decision-making scenarios to be utilised for training purposes. 
Development of Video Training Sessions. Following editing and cataloguing of 
clips, all clips were re-assessed for suitability for the different training groups (e.g., 
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intervention or placebo training program) and phases of training session (e.g., full event 
viewing, multiple clip viewing). Clips that were categorised to the different training groups 
and/or phases of the training program were edited so that the clip duration was between 4-
18 seconds depending on the occlusion point. Training program clips were randomly 
compiled to form an individual training session. No clips from the video-based decision-
making test (pre, post, or retention) were presented in the training sessions.  
The structure of the individual training sessions were identical to the testing structure 
in relation to the presentation of the fore-period, stimulus (video of game-play information) 
and the responding period. For consistency with the testing protocol, the coloured screens 
that indicated the start of the trial, time to answer, and the warning for the end of answering 
time and start of the impending trial were maintained. The video-based training sessions 
were between 17-21 minutes in length and contained a minimum of 60 video-clips, without 
audio. The final edited version of the training video was encoded to an .avi format. 
 
PROCEDURES 
Familiarisation Session. One week prior to the administration of the pre-test all 
participants (intervention, placebo and control) completed a familiarisation session at the 
beginning of their normal training. The familiarisation session was conducted in two parts 
at the umpires‟ normal training venue. Part one included two step-by-step examples and 
part two comprised of 15 practice trials. The step-by-step examples were conducted to 
ensure all participants understood the test structure and further enabled test familiarisation. 
Following the presentation of two video-clips, participants were allowed to ask questions 
relating to the video presentation and/or discuss answers with the PhD researcher. Once 
questions were addressed, participants completed 15 practice trials which were the same 
structure as the testing video. This session enabled participants to familiarise themselves 
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with the structure and timing of responses; understand the type of video presentation; and 
become accustomed to the occlusion technique. The familiarisation session took 
approximately 15-minutes to complete. 
Pre-Test Administration. The pre-test was administered one week prior to the 
commencement of the training phase, which corresponded to the week prior to the 
commencement of the competitive Australian football season. It was essential that this test 
was conducted prior to any training as this test was utilised to provide a baseline measure of 
umpire decision-making performance and was later utilised to determine differences 
between pre and post-training.  
To maximise participation rates the test was conducted at the umpires‟ training venue 
prior to their normal training. At the commencement of the pre-test participants were given 
the following instructions: (i) keep all answers personal, without providing verbal 
indication of your answer; (ii) provide an answer for each trial; and (iii) provide as much 
information as possible when defining your decision (See Appendix 4 for pre-test 
instructions). No instructions were provided about what pre-cues to search for; the 
information rich areas for the decision-making process; or the key teaching points relating 
to the laws of the game.  
The test was presented on a projected screen (2.1m) with participants seated within 
clear view of the screen (approximately 5-8 metres away). Participants were provided with 
answer sheets to record their response (Figure 3.1). Participants were required to record 
whether an infringement occurred (yes/no); identify (by circling) the team committing the 
infringement (i.e., who gave away the free kick, e.g., Hawks); and explicitly state the 
reason for the infringement and/or decision (i.e., holding the man [HTM], play on [PO], 
mark, push in the back [ITB]). Participants were encouraged to use common infringement 
abbreviations, due to the short time period to record their answers. A total of 40 trials were 
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presented followed by a 2-minute rest period to ensure maximum concentration throughout 
the testing period. Following the rest period the subsequent 40 trials were shown.  
Training Sessions. The intervention and placebo groups were exposed to a 12 week 
video-based training program, conducted once a week at the regular training venue of the 
participants. The training was administered at the conclusion of the participants‟ normal 
training session following recommendations by umpire coaches. As the program was video-
based there was no physical component involved. Training sessions were all 17-21 minutes 
in duration.  
At the commencement of each video-based training session participants were 
provided with the same set of instructions: answer all tasks individually and to the best of 
your ability; and provide as much information as possible. No instructions were provided in 
relation to pre-cues, information rich areas, or key teaching points of the decision-making 
process. Furthermore, no quantitative (e.g., percentage correct score) or qualitative (e.g., 
key teaching point) feedback was provided throughout the training program, which allowed 
for a more discovery learning approach compared to other video-based training programs 
(Gabbett et al., 2007; Helsen & Starkes, 1999; Starkes & Lindley, 1994; Williams et al., 
2003). Participants were seated in front of the screen and provided with an answer sheet 
that corresponded to the training session to record all answers.  
Post and Retention Test Administration. Seven days following the conclusion of 
the 12 week training program, participants completed the video-based decision-making 
post-test. The post-test was identical to the pre-test, although the order of clips were 
randomised to decrease the likelihood of any learning effects. Following the post-test, a 14 
day break was provided without further decision-making training after which participants 
returned to complete the retention test. The retention test was also identical to the pre and 
post-tests, but the video-clips were again randomised. The retention test was administered 
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to determine the longevity of the training effects on decision-making skills (Gorman & 
Farrow, 2009).  
 
TRAINING GROUPS  
Following section describes the requirements and training activities of the different 
training groups: intervention group (n = 38); placebo training group (n = 38); and control 
group (n = 38).  
Intervention Group. The decision-making intervention program used the occlusion 
method and different types of video-based activities to promote early recognition of 
specific cues, including body position and player movement patterns. However, no explicit 
instruction was provided about the specific cues or information rich areas. In total, 1040 
decision-making situations were presented during the intervention training program which 
compared to other perceptual-cognitive training programs (Catteeuw, Gilis, Jaspers et al., 
2010; Farrow & Abernethy, 2002; Gabbett et al., 2007; Gorman & Farrow, 2009; Smeeton 
et al., 2005; Williams et al., 2003) allowed more opportunities for exposure to decision-
making situations. Different video-based activities were also used to maintain variety 
within the training program (Table 4.1) and the difficulty was progressively increased by 
altering the occlusion point in the video-clips. For example, the initial training session 
presented the whole incident, as the AFL states that umpires must watch the whole incident 
before making a decision (Australian Football League Tasmania, 2011) and progressed to 
present only pre-incident information (occluding prior to an in-game incident). A further 
progression used in the development of the training activities was increasing the number of 
video presentations and decision-making scenarios within the session. The next section 
describes the activities presented to the intervention group during the video-based training 
program. 
  
 
Table 4.1  
Intervention groups video-based testing and training activity sequence with specific details of each session.  
Week Activity style Number of Trials Number of decisions Session duration (Minutes) 
1 Familiarisation Session 15 15 15.00 
2 Pre-Test Session 80 80 26.54 
3 Full Event Viewing 60 60 20.45 
4 Full Event Viewing 60 60 20.20 
5 At Event Viewing 60 60 19.08 
6 At Event Viewing 60 60 18.51 
7 Pre-Event + Outcome viewing 30 60 17.00 
8 Pre-Event + Outcome viewing 30 60 17.32 
9 
Pre-Event + Outcome viewing including 
Audio 30 60 17.54 
10 Pre-Event viewing 60 60 19.31 
11 Multiple Clip Viewing 45 225 19.53 
12 Multiple Clip Viewing 25 125 20.11 
  Full Event Viewing (local Level footage) 25 25   
13 Full Event Viewing 20 20 19.39 
  Full Event Viewing (local Level footage) 20 20   
  Multiple Clip Viewing 12 60   
14 Pre-Event + Outcome viewing 15 15 19.25 
  Pre-Event Viewing 10 10   
  Multiple Clip Viewing 10 50   
  Full Event Viewing (local Level footage) 10 10   
15 Post-Test Session 80 80 26.54 
16 No Testing       
17 Retention Test Session 80 80 26.54 
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Full Event Viewing. This type of scenario was presented in the initial two weeks of the 
training program and required 60 decisions to be made per session. This activity was 
structured in this manner as Australian football umpires are required to watch the whole 
incident prior to making a decision (Australian Football League Tasmania, 2011). Trials 
were presented in the same manner as the pre-test trials with video footage occluding 4-5 
frames after an incident occurred. This approach allowed participants adequate time to 
assess and evaluate all perceptual information before making a decision. For example, in a 
high tackle incident between two players, the video showed: the tackling player‟s arm move 
towards the head of the player with the ball; the subsequent contact made around the neck; 
and the follow through of the contact. Following the presentation of the video-clip, 
participants were asked to record their answer on the answer sheet provided (Figure 4.1). 
Participants were required to indicate if they would award a free kick (yes/no). If yes, 
participants had to circle the team logo that corresponded to the team that committed the 
infringement and also identify the reason for the infringement and/or decision.  
 
Figure 4.1. Full event viewing answer sheet (Note: ITB indicates Push in the back). 
 
At Event Viewing. By only showing footage until the point the event occurred, at event 
viewing was a progression from the full event viewing activity. As the trial occluded earlier 
in the action sequence participants were forced to visually search for vital pre-cue 
information early in the passage of play to enable a decision to be made when the clip 
occluded. This activity was included in the training program as previous investigations 
have shown skilled performers use information early in game-play situation to assist 
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decision-making (Chamberlain & Coelho, 1993). This structure was implemented for two 
weeks and required 60 decisions per session. Each video trial presented sufficient 
information to enable correct interpretation of the scenario. For example, in a high tackle 
situation the video presented the arm of the tackling player moving towards the head of the 
player with the ball and contact made around the neck (prior to the screen occluding). 
Participants were provided with an answer sheet with a similar layout to the full event 
viewing answer sheet to record their responses (Figure 4.1).  
Pre-Event Plus Outcome Viewing. Similar to techniques used in other video-based 
training studies (Farrow & Abernethy, 2002; Gabbett et al., 2007; Smeeton et al., 2005; 
Williams et al., 2003) this training activity provided two video-clip presentations of the 
same incident for each trial, however different occlusion points were utilised in each clip. 
The first clip occluded just prior to the incident occurring, forcing participants to use pre-
cue information to make a decision. The second clip presented the same footage, but 
occluded following the outcome of the incident (i.e., what action was taken by the umpire 
in charge of that game). For clips to be used in this activity a further selection criteria was 
implemented. This was: clips were required to contain enough visual pre-cue information to 
enable a correct decision without the need to view the entire clip. This activity was 
implemented into the training program over a three week period and consisted of 60 
decisions per session. 
Prior to commencing the pre-event plus outcome training sessions, participants were 
informed not to guess what would occur, but to predict the most likely outcome based on 
the visual information presented, ultimately leading to an informed decision. The first 
presentation of the clip occluded 2-4 frames before the incident. Once the first viewing clip 
occluded, participants had 6 seconds to record their responses (Figure 4.2). Following this 
time, the full event clip was viewed providing the opportunity to either retain their original 
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response, or change their response to a more appropriate decision. The reason participants 
were able to change their response was because other research (Farrow & Abernethy, 2002; 
Gabbett et al., 2007; Smeeton et al., 2005; Williams et al., 2003) demonstrates this 
technique promotes the linking of pre-cue information with the outcome.  
 
Figure 4.2. Pre-event plus outcome activity answer sheet (Note: P.O. indicates play on; 
HTB indicates holding the ball). 
 
In the final week of this activity (Week 7) the outcome was presented with the audio 
of the footage (broadcast commentary) to provide increased information to correctly match 
the pre-cues with the incident outcomes.  
Pre-Event Viewing. The pre-event viewing only presented the pre-event clip which was 
based on anticipation research where training films were occluded prior to ball contact 
(Farrow & Abernethy, 2002; Gabbett et al., 2007; Smeeton et al., 2005). No explicit 
instruction or feedback was provided in this activity as the aim was to force participants to 
rely on pre-cue information, such as body movement; momentum; areas around the ball; 
and likely contact between players, to make a decision. For example, if a holding the ball 
incident was presented, the player with the ball had prior opportunity to dispose of the ball, 
the fast approaching defender would begin their attempt to tackle and the clip would 
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occlude. Participants were provided with an answer sheet which had the same layout as the 
full event viewing answer sheet (Figure 4.1). 
Multiple-Clip Viewing. For these sessions five short video-clips (2-4 seconds in 
duration) that required a decision, were presented in a single trial. This approach increased 
the level of difficulty as participants had to make a greater number of decisions in a short 
period of time. In a 20-minute training session, participants were required to make a total of 
225 decisions, an increase of 165 (275%) decisions from previous training activities. Each 
trial was 10-20 seconds in length and participants could either record the answer 
concurrently or during the 6 second time period following the presentation of the clip. For 
each of the five short clips, participants were required to identify and record (on the answer 
sheet) whether an infringement occurred (yes/no) (Figure 4.3).  
To date, no decision-making study has presented 225 decision-making scenarios in a 
single training session. Generally, decision-making studies have incorporated between 25-
600 trials over the course of a training program (Catteeuw, Gilis, Jaspers et al., 2010; 
Farrow & Abernethy, 2002; Gabbett et al., 2007; Gorman & Farrow, 2009; Mascarenhas, 
Collins, Mortimer, & Morris, 2005; Smeeton et al., 2005; Williams et al., 2003). However, 
evidence suggests that a greater amount of contextualised visual experience positively 
influences decision-making performance (Pizzera & Raab, 2012). For this reason, a greater 
number of trials were included in the multiple-clip viewing activity.  
 
Figure 4.3. Response sheet for the multiple-clip viewing activity. 
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Placebo Group. For consistency, the placebo and intervention group completed the 
same amount of video training. In contrast to the intervention group the training videos for 
the placebo group presented both AFL and BFL video footage in the same occlusion 
manner. The inclusion of the local BFL footage provided viewing of Australian football 
officials of similar skill level to the placebo cohort. The key difference between the two 
groups was that the placebo group completed video-based activities that aimed to assist 
with umpire positioning and reading of the play, although no direct infringement-based 
decision-making tasks were undertaken. Further, videos that contained minimal decision-
making scenarios were selected for the training program. The participants in the placebo 
group were informed that the video-based training program was designed to improve in-
game decision-making performance through activities focussed on reading the play and 
umpire positioning. 
As no previous study has investigated umpire decision-making training using a 
placebo group, this study required the development of a training program that was 
considered appropriate for Australian football umpires. Brainstorming of possible training 
sessions were conducted and inclusion of final sessions was based on consensus between 
the PhD researcher, one skill acquisition and one motor learning expert. Table 4.2 presents 
an overview of the training tasks, and the weeks they were conducted.  
 
  
 
Table 4.2   
Outline of the placebo groups video-based testing and training activity sequence with specific details of each session  
Week Activity style Number of Trials Session duration (Minutes) 
1 Familiarisation Session 15 15.00 
2 Pre-Test Session 80 26.54 
3 Play Prediction  30 19.26 
  Predicting Player Contact  30   
4 Predicting Player Contact 30 19.28 
  Play Prediction 30   
5 Umpire Positioning 60 20.12 
6 Umpire Positioning 60 17.28 
7 What will the player do? 30 17.41 
8 What will the player do? 30 19.06 
9 Predicting Player Contact 15 19.41 
  Play Prediction 15   
  Umpire Positioning 20   
  Umpire Positioning (Local Level Footage) 10   
10 Predicting Player Contact 20 19.21 
  Predicting Player Contact (Local Level Footage) 10   
  Umpire Movement Tracking 15   
11 Umpire Movement Tracking 20 18.43 
  Predicting Player Contact (Local Level Footage) 20   
12 Predicting player Contact 15 17.48 
  What will the player do? (Local Level footage) 15   
  Predicting Player Contact (Local Level Footage) 5   
13 Umpire Movement Tracking 20 20.58 
  Umpire Positioning (Local Level Footage) 30   
14 Predicting Player Contact (Local Level Footage) 15 21.37 
  What will the player do? (Local Level footage) 15   
  Umpire Positioning (Local Level Footage) 20   
  Umpire Movement Tracking (Local Level footage) 5   
15 Post-Test Session 80 26.54 
16 No Testing     
17 Retention Test Session 80 26.54 
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Play Prediction (Ball Movement). The play prediction activity was based on a 
previous study in Australian football which indicated that predicting the ball movement 
was an important skill for umpires (Larkin et al., 2011). This activity was included in 
the current study as it was unlikely to enhance decision-making skills but was 
considered relevant to Australian football umpires‟ ground positioning (Larkin et al., 
2011). Video-clips were extensively reviewed and to be included, had to meet all of the 
following criteria: (i) clear visual presentation of the player with the ball; (ii) a camera 
angle appropriate to view players who may potentially receive the ball; (iii) presentation 
of the player disposing the ball; and (iv) clear outcome of who received the ball. Video-
clips for the play prediction activity were 6-15 seconds in duration and occluded just 
prior to the ball being kicked or handballed. For example, the ball may have been 
kicked from a defensive position to a team mate in the middle of the ground. The player 
who received the ball runs 10m and then prepared to dispose of the ball. The footage 
would then occlude prior to the player releasing the ball. Participants were required to 
indicate on the answer sheet the direction of ball movement (using an arrow) and where 
the ball would be received. The answer sheet contained a miniature diagram of a 
football oval and included: (i) an „X‟ to mark the location of the final possession before 
occlusion; (ii) a team symbol underneath the diagram to illustrate the team that was in 
possession of the ball; and (iii) an arrow underneath the diagram illustrating the 
direction of play (Figure 4.4). 
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Figure 4.4. Play prediction activity answer sheet. 
 
Predicting Player Contact. A key component of Australian football umpire 
positioning is anticipation of future events (Panozzo & Thomas, 2005). Therefore, the 
predicting player contact activity required participants to anticipate which players were 
likely to come in physical contact with each other. Accordingly, the video scenarios 
presented a passage of play that led to players making physical contact with each other. 
To reduce the likelihood of any decision-making or infringement situations being 
viewed, the passage of play was occluded 4-10 frames before physical contact. Thus, 
the footage did not provide a situation where the umpires were making a decision on 
contact based infringements. For videos to be included in the predicting player contact 
activity they were extensively reviewed to ensure they met all of the following inclusion 
 97 
 
criteria: (i) two players and/or group of players coming together around the ball; (ii) 
camera angle presenting the players and the ball converging; and (iii) no infringement-
based decisions relating to player contact present. For example, the ball may have been 
played across the back line, moved forward through the middle of the ground, and then 
kicked long into the offensive part of the field (the forward 50m) to a group of players. 
Participants were asked to record on the answer sheet which players were likely to come 
in contact with each other as the ball approached. The answer sheet provided a still 
image from the last frame of the video before occlusion (Figure 4.5). To record their 
answers participants circled the players they believed would make physical contact with 
each other.  
As the answer sheet provided a still image of the players in the final frame before 
occlusion, it was possible that participants may have examined the image and recorded 
an answer before viewing the clip. In an attempt to reduce the possibility of participants 
answering prior to viewing of the clip they were instructed and encouraged to view the 
entire clip. 
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Figure 4.5. The answer sheet for predicting player contact activity. 
 
Umpire Positioning. The AFL acknowledge umpire positioning to be an important 
skill for an umpire (Panozzo & Thomas, 2005), therefore the umpire positioning activity 
focused on participant‟s ability to understand in-game positioning during a normal 
passage of play. The umpire positioning activity clips were selected according to two 
key inclusion criteria: (i) no infringement presented; and (ii) the umpire‟s position was 
visible during the video-clip and at the occlusion point. During the activity, participants 
were shown an evolving passage of play and at an unpredictable time point the clip 
occluded. Following occlusion, participants rated the umpire‟s position as good, fair, or 
poor on the answer sheet, which provided a still image of the last frame of the video-
clip with the umpire‟s position visible in the image (Figure 4.6). Participants were 
informed to rate the umpire‟s position (good, fair, poor) according to their umpire 
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associations positioning rules. For example, in the BFL, at a set shot on goal the umpire 
should be approximately 10-15 metres at a 45 degree angle to the player with the ball. If 
the umpire‟s position was considered „good‟ no additional response was required. If 
participants rated the umpire‟s position as „fair‟ or „poor‟ they had to indicate (on the 
image) where the umpire was required to be for their position to be rated as good at that 
point in the passage of play.  
Similar to the predicting player contact activity, to reduce the likelihood of 
participants looking ahead and “anticipating an answer”, participants were instructed 
and encouraged to monitor the umpire‟s position throughout the entire clip. 
 
Figure 4.6. Answer sheet for umpire positioning activity. 
 
What Will The Player Do? The „what will the player do‟ activity related to 
predicting the intention of the player with the ball, which is regarded as a fundamental 
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skill to the on-ground positioning of umpires (Panozzo & Thomas, 2005). The „what 
will the player do‟ activity presented two video-clips per trial. The first video-clip 
presented footage that occluded just prior to the player (in possession) disposing the ball 
and the second video presented the same scenario with the outcome of the disposal 
shown. Following presentation of the first clip participants were provided with 6 
seconds to record what the player “would” do with the ball (e.g., kick, handball, keep 
running). Answers were recorded on a diagram of the field with participants drawing a 
line to represent the ball movement, and a cross to indicate the section of the ground 
where the recipient would take possession of the ball (Figure 4.4). Once participants 
recorded their answer the clip was replayed (without occlusion) and presented the 
performance outcome. Participants recorded if their initial response was correct or 
incorrect as this process has been shown to enhance the linking of pre-cue information 
and skill outcomes (Farrow & Abernethy, 2002; Gabbett et al., 2007; Smeeton et al., 
2005; Williams et al., 2003). 
Umpire Movement Tracking. As umpiring positioning is an important skill for 
umpires to master (Panozzo & Thomas, 2005), the umpire movement tracking activity 
aimed to make the participants aware of where to move to be in the best position during 
a passage of play. When viewing videos in the „umpire movement tracking‟ activity, 
participants were to assume that they were the umpire officiating the match. Video-clips 
of both AFL and BFL level were included and participants were required to indicate 
where they would be positioned if they were the umpire. Akin to other placebo group 
training videos, to be included in this training activity videos had to meet the following 
criteria: (i) did not contain an infringement and/or incident; and (ii) show the umpire‟s 
position at several points during the video. All videos for these training scenarios were 
between 15-60 seconds in duration. To record their answers, participants illustrated 
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where they would be positioned during the passage of play on the diagram of a football 
oval (Figure 4.4).  
Control Group. The control group contained participants who only completed the 
three video-based decision-making test sessions (pre, post, and retention). Participants 
allocated to this group were unable to commit to the time required (following their 
normal training session) for either of the other groups due to external commitments such 
as family, or work. As these participants did not partake in either of the training 
programs they provided a base-level measure that could be compared to the video-based 
training groups.  
 
DATA ANALYSIS 
Within each test (pre, post, retention) all answers to each individual clip consisted 
of two components: a yes/no response and a description of the infringement. For data 
analysis each trial was scored out of two marks. If a participant answered the yes/no 
component correct they recieved one mark, and if they provided the correct 
interpretation for the trial, they recieved an additional mark (Table 4.3).  
Only the 48 clips found to be valid and reliable for umpire decision-making 
performance in Study 1 were analysed. The data for each trial was double entered and 
cleaned in Mircosoft Excel. A score of one was given for a correct response and zero for 
an incorrect response, which enabled a total score to be calculated for each participant. 
The maximum possible score for each indivdual test was 96 (48 trials with two marks 
allocated per trial) and the minimum score was zero (no correct answers). The total 
scores for each participant were also converted to a percentage. All cleaned data were 
subsequently transfered to Predictive Analytics SoftWare (PASW Version 18) for 
statistical analysis. 
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Table 4.3  
Scoring system for each testing trial within the video-based decision-making tests. 
Yes/No Component Interpretation Component Score 
  2 
 X 1 
X X 0 
 
A total of 116 umpires, from three umpiring associations completed at least one 
testing session. A total of 69 (60%) umpires participated in at least two testing sessions, 
and 52 (45%) completed all three testing sessions and the majority of training sessions 
(considered to be at least 80%). To be included in the analysis participants were 
required to complete all three video-based testing sessions (pre-, post-, and retention). 
Over the course of the training program the majority of the participant attrition was 
within the placebo group. Only four participants (10% of the placebo group) completed 
the training program and all three testing sessions. Consequently, the placebo group was 
excluded from the statistical comparisons and only the intervention and control groups 
were compared. 
 A second power analysis was conducted to assess the statistical power for a two 
group (intervention and control) analysis, which indicated that for an effect size of 0.25, 
a minimum sample of 22 participants (11 participants per group) was required for 80% 
power. Therefore even with large attrition in the placebo group the desired 80% power 
was still attained as the intervention (n = 21) and control (n = 31) groups contained an 
adequate number of participants. 
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Pre-Test Analysis. To monitor changes over the course of the intervention prgram, 
analysis was conducted to ensure that the intervention and control groups were of 
comparitive skill levels at the commencement of the training program. Following 
normaility checks using Shapiro-Wilk statistics an independent samples t-test was 
conducted to compare the performance of the two groups at the pre-test session.  
Similar to other investigations (Mascarenhas, Collins, Mortimer, & Morris, 2005) 
effect of in-game umpiring experience on decision-making performance was considered 
at the commencement of the training program. Akin to Catteeuw et al. (2010) the group 
was median split by games experience which resulted in two groups: a less experienced 
group (n = 22) and an experienced group (n = 21). Due to illegible handwriting or 
failure to return the questionnaire there were nine missing cases that were excluded 
from this analysis. An independent samples t-test was conducted to assess pre-test 
performance differences between the less experienced and experienced groups. 
Training Program Analysis. Decriptive statistics (means and standard deviations) 
were used to compare group means. A 2 (Group) X 3 (Test Session) repeated measures 
ANOVA was conducted to determine improvements in the intervention group compared 
to the control group, and also any within subjects (same training group) changes from 
pre- to retention tests. A p-value of ≤ 0.05 was considered to be statistically significant. 
If a change in means were demonstrated the between groups interaction effect was 
examined. Effect size was calculated by a partial eta-squared (η2) and described as a 
small (η2 = 0.01 – 0.058), medium (η2 = 0.059 – 0.137) or a large (η2 ≥ 0.138) effect 
size (Cohen, 1988). To understand where significant group differences occured, post 
hoc analysis was conducted with an independent samples t-test.  
In addition to examining differences between training groups, individual decision-
making skill improvement was also considered over the intervention period (pre, post, 
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and retention tests). Individual percentage improvement (across testing sessions) was 
calculated using the fomula: 
 
Percentage of Improvement =  
  
T1 refers to the first test session  
T2 refers to the second test session  
 
For example, to calculate the percentage improvement between pre-test and retention 
test, T1 would indicate the pre-test score, and T2 would indicate the retention test score. 
The formula was used to illustrate individual differences in performance between the 
pre, post and retention tests. Individual percentage improvement scores were averaged 
for the two groups (intervention and control) for each of the three separate tests (pre, 
post, retention). These values were used to assess group performance improvement 
differences from Test 1(pre-test) to Test 2 (post-test), Test 2 to Test 3 (retention test), 
and Test 1 to Test 3, using separate independent sample t-tests. Cohen‟s d effect sizes 
were calculated, with effect size calculations denoted by a small (d = 0.2 – 0.49), 
medium (d = 0.5 – 0.79) or large effect (d = 0.8 – 1) (Cohen, 1988). 
Umpire Experience Analysis. The training groups were separated by in-game 
umpire experience using a median split. The median split of participants resulted in two 
groups of experienced and less experienced umpires (within the intervention and control 
groups). The median split for the intervention group was at ≥300 games of experience to 
be considered „experienced‟ (n = 10) and <300 games to be considered „less 
experienced‟ (n = 10). For the control group, the median split was 250 games. The „less 
experienced‟ group had umpired <250 games (n = 12), and the „experienced‟ group had 
umpired ≥250 games (n = 11). 
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Decriptive statistics (means and standard deviations) were used to compare 
decision-making skills of the four different experience groups (less experienced 
intervention and control; experienced intervention and control). Three separate 2 
(Group) X 3 (Test Session) repeated measures ANOVA‟s were conducted to examine 
whether experience effects decision-making performance. Specific details of these 
analyses are explained under the three following subheadings.  
Analysis of Less Experienced Groups. To determine whether the two less 
experienced groups were of the same skill level, an independent samples t-test was 
conducted. A non-significant difference would demonstrate that the groups were similar 
in skill level. A 2 (Group) X 3 (Test Session) repeated measures ANOVA was 
conducted to determine the differences in decision-making performance across the pre, 
post and retention tests. 
Analysis of Experienced Groups. The analysis of the experienced intervention 
and control groups was conducted using the same procedure as the analysis of less 
experienced groups.  
Analysis of the Less Experienced Intervention and the Experienced 
Control Groups. To determine whether the less experienced intervention group were 
comparable with the experienced control group at the pre, post and retention tests, a 2 
(Group) X 3 (Test Session) repeated measures ANOVA was conducted. This tests 
illustrated whether differences in performance were evident between the two groups. 
Post-hoc analysis using independent samples t-tests were conducted to examine whether 
the less experienced group improved from pre-test to retention test. Effects sizes were 
calculated by a Cohen‟s d effect size. 
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RESULTS 
This section commences with an overview of the decision-making performance of 
the umpire cohort (both intervention and control) from the pre-test. Following this, the 
findings relating to the training program (undertaken by the intervention group) are 
presented. These findings include both between and within group effects and the role of 
umpire experience on decision-making skill. 
 
NORMALITY TESTS 
The distribution of group (intervention and control) test scores (pre, post, and 
retention) were normal according to the Shapiro-Wilk statistic (p > 0.05 in all cases). As 
a result parametric statistical techniques (repeated measures ANOVA, independent 
samples t-test) were conducted to determine whether there were significant differences 
between group test scores.  
 
PRE-TEST FINDINGS 
Homogeneity of Skill. To maximise the likelihood that performance changes over 
the course of the intervention program were due to training effects, pre-test comparisons 
were conducted to ensure the groups were of similar skill level. An independent 
samples t-test indicated that the intervention and control groups were not statistically 
significant from one another at the pre-test session (Table 4.4). Thus, at the 
commencement of the program (pre-test) both groups were considered to be of equal 
skill level. Therefore, any observed performance difference was likely to be due to the 
training effect elicited by the intervention. 
 
  
 
Table 4.4  
ANOVA showing within group differences across three tests (pre, post, retention) and post-hoc t-tests. 
Session 
Group 
  
Cohen's d effect 
size 
Intervention Control t-value p-value 
Mean SD
†
 Mean SD
†
     
Pre-Test 63.3 9.0 65.3 6.9 0.88 0.38 0.26 
Post-Test 62.7 9.1 65.3 8.1 1.10 0.28 0.31 
Retention Test 67.8 8.1 64.9 5.9 1.50 0.14 0.42 
F-value 6.72 0.06 
   
p-value <0.01 0 .94 
   
Partial η2 effect size 0.215 0.003 
   
†
 Denotes Standard Deviation 
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Umpire Experience. At the pre-test (see Figure 4.7), a lower level of performance 
was observed for the combined less experienced group (M = 60.7, SD = 6.5), compared 
to the combined (intervention and control) experience group (M = 68.1, SD = 7.9). An 
independent samples t-test indicated that experienced umpires made significantly more 
correct decisions compared to less experienced umpires (t(41) = 3.36, p < 0.01, d = 
1.00).  
 
Figure 4.7. Difference between pre-tests scores (with Standard error bars) for the 
combined less experienced and experienced groups (* denotes significant difference, p 
< 0.05). 
 
TRAINING PROGRAM FINDINGS 
To determine group decision-making performance differences a 2 (Groups) X 3 
(Test Session) repeated measures ANOVA was conducted on the test session.  
* 
 109 
 
Between Group Effects. The repeated measures ANOVA indicated a non-
significant difference, irrespective of testing session, between the two training groups 
(F(1, 50) = 0.09, p = 0.76, partial η
2
 < 0.01). Whilst there was no significant difference 
observed between the groups, an increase in performance scores (means) was evident 
for the intervention group from pre to retention test. However, this trend was not present 
in the control group where mean scores remained relatively stable (Figure 4.8). This 
was confirmed via a significant interaction between training groups and test sessions 
(F(1, 100) = 3.98, p = 0.02, partial η
2
 = 0.07) (Figure 4.8).  
 
Figure 4.8. Group (intervention and control) interaction effect over the three test 
sessions (pre-, post- and retention) for mean decision-making performance (with 
Standard error bars) on the video-based test (* denotes significant difference, p < 0.05). 
 
Within Group Effects. A repeated measures ANOVA showed that the mean 
percentage score for the intervention group significantly increased across the testing 
sessions (F(2, 49) = 6.72, p < 0.01, partial η
2
 = 0.22). Pair-wise comparisons demonstrated 
* 
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that both the post-test and retention test, and the pre-test and retention test were 
significantly different (Table 4.5). No significant within group differences (F(2, 49) = 
0.06, p = 0.94, partial η2 < 0.01) were found for the control group.  
 
Table 4.5.  
Pair-wise comparisons across testing sessions for each group, with associated mean 
differences and p-values. 
Sessions 
Group 
Intervention Control 
Mean 
Difference 
p-value 
Mean 
Difference 
p-value 
Pre-Test - Post-Test 0.69 0.69 < 0.01 0.99 
Post-Test - Retention Test 5.15 <0.01 0.39 0.75 
Pre-Test - Retention Test 4.46 <0.01 0.40 0.78 
 
 
Percentage Improvement. An independent samples t-test illustrated the 
intervention group significantly increased performance compared to the control group 
between the post-test and retention (d = 0.80, large effect size), and pre-test and 
retention test (d = 0.63, medium effect size) (Table 4.6).  
 
  
 
 
Table 4.6.  
Group percentage improvement scores (mean and SD) between the different testing periods, with associated between groups independent t-
test values. 
Sessions  
Group   
Cohen's d effect 
size 
Intervention Control t-value p-value 
Mean SD Mean SD   
Pre-Test - Post-Test -0.5 12.0 0.5 12.2 0.30 0.77 0.08 
Post-Test - Retention Test 9.2 11.9 0.3 10.6 2.85 <0.01 0.80 
Pre-Test - Retention Test 8.2 13.9 0.2 11.9 2.22 0.03 0.63 
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UMPIRE EXPERIENCE  
Less Experienced Group. At the pre-test a small difference in mean decision-
making scores were evident between the less experienced intervention and control 
groups (Table 4.7), although an independent samples t-test indicated this difference was 
not statistically significant (t(20) = 1.74, p = 0.09, d = 0.75). Accordingly, the two 
groups were similar in skill level and any performance improvements following the 
training program may be a result of exposure to the training program.  
 
Table 4.7.  
Difference between test scores, categorised according to experience with associated 
testing session effects. 
Session 
Group 
Intervention Control 
Less 
Experienced 
Experienced Less 
Experienced 
Experienced 
Mean SD Mean SD Mean SD Mean SD 
Pre-Test 58.2 6.0 68.4 9.2 62.8 6.3 67.8 6.9 
Post-Test 59.9 7.2 64.3 10.3 63.3 9.2 64.3 5.8 
Retention Test 65.3 8.7 70.5 7.4 62.8 6.5 65.9 5.2 
F-value 5.71 5.34 0.03 1.10 
p-value 0.01 0.15 0.97 0.36 
Partial η2 effect 
size 
0.38 0.37 < 0.01 0.11 
 
A repeated measures ANOVA indicated a non-significant difference, irrespective 
of testing session, between the two less experienced groups (F(1, 20) = 0.47, p = 0.50, 
partial η2 = 0.02). However, a significant interaction between training groups and test 
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sessions was found (F(2, 40) = 3.23, p = 0.05, partial η
2
 = 0.14). This interaction (Figure 
4.9) indicated a significant performance improvement from pre-test to retention test for 
the less experienced intervention group (F(2, 19) = 5.71, p = 0.01, partial η
2
 = 0.38), while 
the performance of the less experienced control group was stable across the training 
program (F(2, 19) = 0.04, p = 0.97, partial η
2
 < 0.01).  
 
 
Figure 4.9. Mean decision-making tests scores (with Standard error bars) for the less 
experienced intervention and control groups (* denotes significant difference, p < 0.05). 
 
Experienced Group. Descriptive statistics and an independent samples t-test 
indicated that the experienced intervention and experienced control groups were not 
significantly different (t(19) = 0.18, p = 0.86, d = 0.07) (Table 4.7). Thus, these groups 
were of similar skill level and any improvements over the course of the training 
program could be attributed to the intervention.  
* 
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A repeated measures ANOVA indicated a non-significant difference, between the 
two experienced groups across the testing sessions (F(1, 19) = 0.44, p = 0.52, partial η
2
 = 
0.02). The experienced intervention group significantly improved decision-making 
performance between the pre-test and retention test (F(2, 18) = 5.34; p = 0.02, partial η
2
 = 
0.37). This improvement was not present for the experienced control group (F(2, 18) = 
1.09; p = 0.36, partial η2 = 0.11) (Figure 4.10). No interaction was present between the 
groups (F(2, 38) = 1.01, p = 0.37, partial η
2
= 0.05).  
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Figure 4.10. Mean decision-making tests scores (with Standard error bars) for the 
experienced intervention and control groups (* denotes significant difference, p < 0.05). 
 
Less Experienced Intervention vs. Experienced Control Group. 
Performance of the less experienced intervention group increased from the pre-test to 
the retention test, whilst the performance of the experienced control group decreased 
* 
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(Figure 4.11). Figure 4.11 illustrates that the performance score of the less experienced 
intervention group on the retention test was similar to the experienced control group 
decision-making performance on the same test. A repeated measures ANOVA indicated 
a significant group main effect (F(1, 19) = 5.28, p = 0.03, partial η
2
 = 0.22) with a 
significant interaction effect between the groups (F(2, 38) = 3.31, p = 0.05, partial η
2
 = 
0.15).  
A significant improvement was observed for the less experienced intervention 
group across the training period (F(2, 18) = 4.29, p = 0.03, partial η
2
 = 0.33), whilst the 
experienced control group showed no significant improvement (F(2, 18) = 0.99, p = 0.39, 
partial η2 = 0.10). Post-hoc independent samples t-test indicated a significant difference 
between groups at the pre-test (t(19) = 3.38, p < 0.01, d = 1.48) however, no significant 
difference was evident between the groups at the retention test (t(19) = 0.19, p = 0.85, d 
= 0.08).  
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Figure 4.11. Mean decision-making tests scores (with Standard error bars) for the less 
experienced intervention and the experienced control groups (* denotes significant 
difference, p < 0.05). 
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DISCUSSION 
The aim of Study 2 was to investigate the effects of a sport-specific video-based 
training intervention on Australian football umpires‟ decision-making performance. The 
training program was 12 weeks in duration (excluding testing periods) and conducted 
during the 2010 Australian football season. The video-based intervention was 
comprehensively designed and administered with less explicit methods of instruction, 
than those commonly used in perceptual-cognitive training (Catteeuw, Gilis, Jaspers et 
al., 2010; Mascarenhas, Collins, Mortimer, & Morris, 2005; Schweizer et al., 2011).  
It was hypothesised that following training, the intervention group would improve 
decision-making performance. This was confirmed with statistical analysis indicating 
that the intervention group performed significantly better on the retention test compared 
to the control group. The results also demonstrated that when split by level of 
experience there was no significant difference between the intervention and control 
groups therefore rejecting hypothesis two, which stated that when split by level of 
experience, there will be a significant difference in decision-making performance 
between the intervention and control group. However, there were significant 
improvements within the experience level groups (less experienced and experienced) 
who completed video-based training from the pre-test to the retention test. This was 
especially shown as the less experienced umpire (intervention) group performed to the 
same level as the experienced control group on the retention test. The third hypothesis, 
which stated the video-based intervention group will perform significantly better than 
the placebo and control groups on the post-test and retention test, was also rejected as 
there was no significant difference between the intervention and control groups at the 
post and retention tests. Descriptive statistics, however, indicated a greater retention test 
score for the intervention group compared to the control group. 
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DECISION-MAKING TRAINING PERFORMANCE 
The findings of the current study support the notion of a perceptual-cognitive 
advantage held by experienced performers on video-based testing. Contemporary 
perceptual-cognitive researchers have indicated that expert performers possess a 
perceptual-cognitive advantage over less skilled participants on a number of perceptual-
cognitive tasks, including the recognition of patterns (Farrow et al., 2010; Starkes, 
1987; Williams et al., 1993), advance cue utilisation (Abernethy & Russell, 1987; 
Helsen & Starkes, 1999; Savelsbergh et al., 2002), and game-based decision-making 
(Berry et al., 2008). The results of this study indicated that experienced umpires 
performed significantly better than less experienced umpires on the pre-test, despite 
being drawn from the same level of competition. This finding provides further support 
for the use of video-based testing to differentiate experienced from less experienced 
performers.  
In addition, the results of this investigation provide evidence and justification for 
the use of video-based methods to improve perceptual-cognitive performance. In this 
study, decision-making performance of the intervention group significantly improved 
over time, however no significant differences were observed in the control group. The 
significant improvement of the intervention group mirrors the findings of other 
perceptual-cognitive research (Catteeuw, Gilis, Jaspers et al., 2010; Gabbett et al., 2007; 
Mascarenhas, Collins, Mortimer, & Morris, 2005) that has shown improvements in 
training groups following participation in a video-based program. This study, however, 
has extended previous work by incorporating a greater number of decision-making trials 
and a discovery learning style.  
The current study presented 1040 video-based decisions during a 12 week 
program, and was designed to provide less explicit instruction. It was anticipated that 
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this approach would enable a discovery learning style, which has been shown to be 
beneficial to performance under stressful or high pressure environments (Smeeton et al., 
2005). This was deemed appropriate as Australian football umpires are potentially 
affected by performance and environmental pressures during in-game performance. 
Generally, video based program have presented approximately 25-600 decision-
making scenarios during a 4-6 week period and have used explicit instruction to 
accompany the video footage (Catteeuw, Gilis, Jaspers et al., 2010; Gorman & Farrow, 
2009; Mascarenhas, Collins, Mortimer, & Morris, 2005; Schweizer et al., 2011). This 
process has been employed frequently despite evidence suggesting that explicit 
instruction accelerates the early stages of skill development (Smeeton et al., 2005) and 
results in decreased performance in stressful, or high pressure environments (Masters, 
1992; Raab, 2003). This is of importance in an Australian football umpiring context, 
particularly as umpire decision-making is performed in a stressful environment (in-
game competition) (McLennan & Omodei, 1996; Ollis et al., 2006). Consequently, 
further research is needed to understand which method of video-based decision-making 
training are more effective (discovery versus explicit learning) and the optimum number 
of decision-making scenarios required to enhance Australian football umpires‟ decision-
making. These investigations should build on current knowledge and examine which 
method develops the most robust decision-making performance within pressured or 
stressful environments. Findings from these studies would enable future umpire 
decision-making training programs to be evidenced based.  
The results of the current study identified no significant difference between 
performance on the pre-test and post-test for the intervention group, although a 
significant improvement from post-test to retention test was observed. A potential 
explanation for the reduction in post-test values was the design of the training program, 
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which promoted a discovery style of learning. Masters (1992) and Smeeton et al. (2005) 
both found that participants who were engaged in a discovery style training program 
presented a longer acquisition stage of learning compared to groups provided with more 
explicit instruction. Consequently, at the end of the 12 week training program in this 
study, there was potential that the participants in the intervention group were still 
consolidating decision-making learning. This longer acquisition phase may explain the 
lower than expected post-test scores, with the true performance improvements only 
evident in the retention test.  
Future investigations are needed to determine the optimal length to elicit 
significant improvements following video-based training. While this investigation 
increased the training duration compared to previous investigations (Catteeuw, Gilis, 
Jaspers et al., 2010; Gorman & Farrow, 2009; Mascarenhas, Collins, Mortimer, & 
Morris, 2005; Schweizer et al., 2011) a 12 week intervention period may not be 
sufficient when utilising a discovery learning approach. For example, when considering 
skill development studies, findings indicate that sport expertise occurs over years, and 
not weeks as attempted within the current study (Berry et al., 2008; Côté, 1999; 
Ericsson et al., 1993). Therefore further investigations are needed to understand the 
most advantageous intervention length to develop decision-making performance. 
Currently, minimal training time is allocated to decision-making skill 
development, and for sports officials the only source of decision-making practice is 
during competitive games (Catteeuw, Gilis, Jaspers et al., 2010). Findings from this 
study have demonstrated that umpire decision-making skill can be enhanced without 
explicit instruction and in-game umpire experience. This has important implications for 
the development of future Australian football umpires. Implementation of a discovery 
style video-based decision-making training program is likely to effectively develop 
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and/or enhance decision-making skills without umpires requiring extensive in-game 
experience. Furthermore, this video-based program can be modified and/ or used in 
current umpire training without the need for large time investment by umpire coaches. 
Participation in a video-based training program would require little additional time 
commitment from umpires, with all sessions in this study taking between 17-21 
minutes. As this is the first study to examine Australian football umpire decision-
making training using a discovery learning style, future studies need to be conducted to 
confirm or refute these findings and ensure the most effective possible training program 
is implemented into Australian football umpire training. 
 
UMPIRE EXPERIENCE AND DECISION-MAKING PERFORMANCE 
While the current study incorporated a discovery training program, decision-
making performance gains of the experienced intervention group were lower than the 
less experienced intervention group. Similar to the results reported by Gorman and 
Farrow (2009), the training effects demonstrated by the experienced group in the current 
study may be explained by a ceiling effect. As the experienced group may already 
possess complex and robust knowledge structures of infringement-based decision-
making (Mascarenhas, Collins, Mortimer & Morris, 2005), the relatively short-term 
discovery style training program (12 weeks) may not provide sufficient time to alter 
their personal decision-making process.  
In comparison, accelerated learning was observed in the less experienced 
participants over the course of the training program. A possible explanation for this may 
be that at the beginning of the training program the less experienced umpires‟ possess 
less knowledge and exposure to decision-making situations compared to experienced 
umpires. Therefore, at the commencement of the training program the less experienced 
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umpires had greater room for improvement than the experienced umpires. This supports 
the findings of Mascarenhas and colleagues (2005) who suggest that a significant 
improvement by the less experienced umpires may be a result of improved knowledge 
structures due to the increased amount of exposure to decision-making situations. 
Therefore, participation in the video-based program may provide a greater amount of 
decision-making information stored within long-term memory and contribute to 
improved decision-making performance (Mascarenhas, Collins, Mortimer & Morris, 
2005). This explanation appears feasible and is supported by McMorris (2004) who 
stated that experience feedback stored within long term memory is important in the 
learning process. Therefore by increasing an individual‟s exposure to decision-making 
situations via video-based training, there is potential for enhanced decision-making 
performance. 
While the reason for the improvement remains unclear, it is evident from this 
study that discovery training methods can accelerate perceptual-cognitive learning, 
especially within less experienced umpires. Further research is required to determine 
why less experienced participants demonstrate greater improvement in decision-making 
following participation in a video-based training program. In addition, investigations are 
also required to establish whether different training programs need to be developed to 
maximise the effectiveness of decision-making training for different skill and/or 
experience levels. 
The results from this study provide an enhanced understanding of umpire 
decision-making skills in an Australian football context. The results should however, be 
considered in respect to methodological limitations. First, a high attrition rate occurred, 
potentially due to the controlled nature of the video-based program within the 
competitive Australian football season. To achieve greater compliance, rather than 
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conducting decision-making training at the end of the umpires‟ normal training session, 
future investigations should incorporate the training program into pre-existing training 
schedules, ensuring the support of umpire associations coaches and board members. 
Second, due to the high attrition rate (55%) it was not possible to analyse the results 
from the placebo group. While high umpire attrition has been reported in Australian 
football (AFL Coaching Newsletter, 2009) future studies should be mindful of this issue 
when recruiting umpire associations and/or participants. Finally it is unclear whether 
exposure to Australian football video footage alone contributed to decision-making 
performance improvement. The placebo group was incorporated to address this issues, 
however due to participant attrition this could not be analysed. Future investigations 
should incorporate a placebo group to understand whether the performance 
improvements are due to participation in the structured intervention or from simply 
viewing context specific footage.  
 
CONCLUSION 
Highly refined perceptual and decision-making skills are fundamental to the 
umpiring process in all sports (Helsen & Bultynck, 2004). Surprisingly, there has been 
little applied research on methods to improve perceptual and decision-making skills, 
particularly within Australian football umpires. This study was the first to empirically 
demonstrate improvement in decision-making skill of Australian football umpires 
following video-based training. The current study applied a discovery style of learning 
which is in contrast to previous investigations that have presented positive results 
coupling video-based training with explicit instruction (Gabbett et al., 2007; Helsen & 
Starkes, 1999; Starkes & Lindley, 1994; Williams et al., 2003). The results of the 
current investigation indicated that following completion of a 12 week video-based 
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training program participants, especially those with less experience, demonstrated 
significant improvements in decision-making performance from the pre-test to the 
retention test. This study makes an important contribution to knowledge by providing 
evidence that video-based decision-making programs can accelerate the decision-
making performance of less experienced umpires, without the need for extensive in-
game experience. In addition, decision-making performance of experienced umpire also 
shows significant improvement following participation in a video-based program. From 
a practical perspective, this study provides evidence for the implementation and 
ongoing evaluation of video-based decision-making programs within the national 
Australian football umpire training curriculum.  
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CHAPTER 5 
STUDY 3: DECISION-MAKING PROCESS OF UMPIRES 
 
The key aim of a sport-based training program is to prepare the athlete for the 
competitive environment (Hoff, 2005; Muller, Benko, Raschner, & Schwameder, 2000). 
Perceptual-cognitive literature has indicated that video-based approaches can be used to 
effectively train sporting official‟s decision-making skill (Catteeuw, Gilis, Wagemans et 
al., 2010; Mascarenhas, Collins, Mortimer, & Morris, 2005; Schweizer et al., 2011), 
although a limitation of these studies is that they were conducted in a laboratory setting. 
In fact, only one decision-making study has investigated whether video-based training 
enhances in-game decision-making performance (Gorman & Farrow, 2009). Gorman 
and Farrow (2009) investigated in-game decision-making performance of 39 skilled 
basketball players following a four week video-based training program. Findings 
indicated that there were no significant difference between pre and post training in-
game decision-making performance. Gorman and Farrow attributed this non-significant 
difference to the measurement sensitivity of in-game performance, and therefore 
recommended that in-game decision-making performance be further investigated with 
more accurate measures. Empirical evidence demonstrating the effectiveness and 
transfer of decision-making skills from video-based training programs is especially 
important for sporting officials as training programs should be designed and 
implemented to assist in-game performance. 
Video-based methods have identified the different perceptual-cognitive skills that 
differentiate skilled and less skilled performers (Berry et al., 2008; Borgeaud & 
Abernethy, 1987; Farrow et al., 2010; Larkin et al., 2011; Savelsbergh et al., 2002; 
Starkes, 1987). These studies, however, do not consider the cognitive processes that 
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contribute to skilled performance. MacMahon and McPherson (2009) suggested that 
interviews or verbalisation of events could provide increased understanding of the 
cognitive processes and knowledge structures utilised by performers during the 
decision-making process.  
Interviews using a retrospective recall method have been used in sport-based 
research to understand the developmental experiences of athletes (Baker, Côté, & 
Abernethy, 2003; Baker, Côté, & Deakin, 2005; Berry et al., 2008; Côté, Ericsson, & 
Law, 2005). Verbalisation is a verbal protocol method that aims to understand the 
cognitive processes that occur while information is: (i) visually searched; (ii) 
alternatives evaluated; and (iii) a decision made. As part of this method, participants are 
asked to provide a verbal description of the cognitive events that occur between the 
introduction of a stimuli and the decision (Kuusela & Paul, 2000). Analysis of the 
verbal description can provide an understanding of the pre-decision processes (Kuusela 
& Paul, 2000). 
Despite verbalisation and interview techniques providing an understanding of the 
cognitive processes that lead to a decision (Kuusela & Paul, 2000), minimal research 
has employed this methodology to understand factors that contribute to an official‟s 
decision. One investigation (Lane, Nevill, Ahmad, & Balmer, 2006) used retrospective 
verbalisation to explore the factors that influenced five experienced soccer referees 
decisions. Open ended questions were asked relating to the referee‟s thought processes 
during the decision-making, with particular focus on the effect of crowd noise. Verbal 
descriptions identified several factors that influence referees decisions, such as crowd 
factors, decision accuracy and errors, experience, regulations and opinion. Lane and 
colleagues demonstrated the potential of qualitative data collection techniques to 
understand external factors, such as crowd noise, that affect decision-making of soccer 
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referees; however it did not provide empirical understanding of the cognitive processes 
that lead to a decision.  
The current investigation aims to provide a greater explanation of the decision-
making process of umpires using qualitative measures. Quantitative measures will also 
be assessed, with the aim to provide an understanding of potential in-game decision-
making performance changes (positive or negative) as a result of video-based training 
program. 
PURPOSE 
The purpose of this study was to: (i) determine whether participation in the video-
based decision-making training program can improve in-game decision-making 
performance; and (ii) investigate the cognitive processes that umpires use to inform in-
game decision making. This data would support the notion of a transfer of decision-
making learning from the video-based training reported in Study 2.  
 
METHOD 
STUDY DESIGN 
Perceptual-cognitive researchers have primarily applied quantitative measures 
when examining decision-making performance of umpires (Catteeuw, Gilis, Jaspers et 
al., 2010; Catteeuw, Gilis, Wagemans et al., 2010; Larkin et al., 2011; Mascarenhas, 
Collins, Mortimer, & Morris, 2005; Schweizer et al., 2011). These designs, however, 
may not fully explain the decision-making process because decision-making involves 
cognitive processes that are not easily quantified (MacMahon & McPherson, 2009). 
Therefore, this investigation used a case study design incorporating a parallel mixed 
method approach (including verbalisation and observations) which enabled the 
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collection of both quantitative (decision-making performance) and qualitative (in-game 
and interview verbal reports) data during the same data collection period (Thomas et al., 
2011). The implementation of a mixed method approach was considered appropriate as 
it enabled understanding of the cognitive processes of in-game decision-making, and 
also assessed whether decision-making skills transferred to in-game performance. 
Case studies are predominantly exploratory investigations, where intervention 
programs or hypotheses are intensively analysed with one or more individuals 
(Creswell, 2009; Shaughnessy, Zechmeister, & Zechmeister, 2012; Thomas et al., 
2011). An underlying assumption of this design is that a single case may be 
representative of a larger cohort (Thomas et al., 2011). Study 3 employed a multiple 
case study design, where data was collected from a number of participants (Yin, 2012). 
The aim of this approach was to understand the decision-making process of individual 
Australian football umpires, and determine whether results were similar across different 
cases (Yin, 2003). A generalisation across case studies is not usual practice in case 
study designs, although similarities and differences can be discussed when the cases are 
from representative cohorts (Creswell, 2007).  
Case study designs are advantageous as data is collected from multiple sources 
(e.g., observation and verbalisation) (Shaughnessy et al., 2012), thus providing large 
amounts of information regarding an individual‟s behaviour. For this reason, case study 
designs are considered an appropriate starting point for relatively new research areas 
(Shaughnessy et al., 2012), and can lead to the development of valuable hypotheses for 
future investigations (Jackson, 2011). A potential limitation associated with a case study 
design is researcher bias during data collection, which can occur if the researcher 
ignores data that do not support the research hypotheses (Jackson, 2011; Shaughnessy et 
al., 2012). This study aimed to address researcher bias via the implementation of 
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qualitative validity checks including trustworthiness (Thomas et al., 2011), member 
checking (Lincoln & Guba, 1985), reproducibility (Krippendorff, 1980) and stability 
(Krippendorff, 1980). 
While no referee or umpire studies have used case study designs, this approach 
has been successfully implemented to examine expert coach development (R. L. Jones, 
Armour, & Potrac, 2003), burnout (Gustafsson, Kenttä, Hassmén, Lundqvist, & 
Durand-Bush, 2007) and choking under pressure (Mesagno, Marchant, & Morris, 2008) 
in athletes. Case study designs have been recommended as an appropriate approach to 
understand an individual‟s cognitive processes (Shaughnessy et al., 2012) and thus, a 
case study design was deemed suitable.  
 
PARTICIPANTS 
The BFL, a regional Victorian Division One competition was conveniently 
selected, largely because the Ballarat Football Umpires Association (BFUA) were 
actively involved in the video-based decision-making training program. Umpires 
undertaking the training program were invited to participate, although final selection of 
participants was based on whether they were part of the senior umpire group. Selection 
of senior umpires ensured the umpires were regularly selected to umpire in the 
Victorian regional division one senior grade competition. In total, three male Australian 
football umpires with an average of 330 (±139) games umpiring experience were 
selected. 
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MEASURES 
Video-Based Test Score. The three of the selected umpires were actively involved 
in the video-based training program, thus, comparison of their individual pre, post and 
retention test scores were used to determine whether their decision-making performance 
improved over the duration of the intervention.  
In-Game Decision-Making Performance Analysis. To determine the 
potential transfer of decision-making skills from the video-based training intervention to 
in-game performance, for each umpire, five games of the 2010 BFL season were 
recorded and coded. As the video-based training program concentrated on player 
contact incidents (i.e., player tackles, marking contests and ruck contests) that 
potentially resulted in an infringement, the coding of in-game decision-making accuracy 
focused specifically on player contact incidents.  
Coding of the three umpire‟s in-game decision-making performance enabled the 
number of decisions made (e.g., holding the ball, push in the back, correct handball) 
during each of the umpire‟s five games to be quantified. Furthermore, all umpire 
decisions were reviewed by a panel (comprised of the PhD researcher and two current 
qualified umpires) and a judgement was made regarding the correctness of umpire‟s 
decisions. This enabled a percentage score for correct decisions to be calculated. Further 
details are provided in the procedure section (page 130).  
In-Game Verbalisation. To provide an understanding of the cognitive processes 
the umpires used to inform decision-making, a concurrent verbalisation method was 
implemented. This method required participants to verbalise cognitive information as 
they attended to the game-play information, to enable cognitive processes to be 
described as successive steps of information processing (Ericsson & Simon, 1980; 
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Ericsson & Simon, 1993). Within Study 3, the three umpires were instructed to „think 
out loud‟ which required participants to verbalise what they were immediately thinking. 
It was anticipated that this would provide a verbal report of their cognitive processes 
associated with in-game decision-making, and research has demonstrated that verbal 
reports are accurate when thoughts are reported while performing the task (Williams & 
Ericsson, 2005). Verbal reports from the three umpires in the study were subsequently 
transcribed for analysis. 
Semi-Structured Interviews. To further ascertain knowledge regarding the visual 
information and/or cognitive processes that the three umpires considered important, 
individual semi-structured interviews were conducted, using the stimulated recall 
method. The stimulated recall technique is an introspective procedure, where video 
recorded information of participant‟s actions and behaviour are replayed to stimulate 
recall of concurrent cognitive processes (Lyle, 2003). Stimulated recall has been a 
predominant approach within educational research (Allison, 1990; Chittenden, 2002; 
Zanting, Verloop, & Vermunt, 2001), although the potential for cognitive strategies 
(such as decision-making in sport) to be investigated using this approach has also been 
recognised (Lyle, 2003).  
During the semi-structured interviews, in-game video footage of the umpire‟s 
personal performance was shown. This footage included infringement-based incidents 
that required the umpires‟ to recall and verbalise their in-game cognitive processes. In 
addition to viewing their own performance, each umpire was also presented with two 
passages of play, from a BFL game they did not umpire. All umpires were presented 
with the same two passages of play, and were asked to concurrently verbalise cognitive 
decision-making processes related to the specific incident. The unseen footage was 
incorporated as it would allow the research team to identify any similarities or 
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differences in the decision-making process. Following the individual umpire‟s verbal 
reports of specific scenarios, open-ended questions were posed by the PhD researcher 
about decision-making steps; visual cues; and other possible decision outcomes. These 
questions were asked to develop a thorough understanding of the decision-making 
process (See Appendix 6 for interview guide).  
 
PROCEDURE 
Video-Based Test. The video-based test was administered in accordance with the 
procedure outlined in Study 2 (page 82).  
In-Game Video Recording. Umpire in-game performance was recorded using two 
Panasonic NV-GS27 Digital Video Cameras. One camera recorded footage of the game 
which similar to a television broadcast, tracked the movement of the ball and provided 
vision of player contests, body contact, infringements and general game-play (in the 
immediate vicinity of the ball). The other camera recorded the individual umpire‟s 
movements and actions providing information to determine when the umpire was the 
controlling official/umpire (defined as the umpire in charge of the immediate play 
around the ball. A non-controlling umpire was considered to be further away from the 
ball, usually monitoring incidents away from the immediate vicinity of the ball). The 
footage from the second camera was used to further confirm decisions (identified based 
on footage from camera one) by specifically viewing umpire hand signals. Footage from 
the second camera was the main source for analysis and coding of decision-making 
situations. All footage (both camera one and two) was recorded from a central position 
on the boundary line, and where possible this occurred from an elevated position (e.g., 
in the scorers box). One limitation of using this camera angle was that off ball incidents 
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or free kicks were not always captured. After video recording, the video footage was 
downloaded and formatted from Sony Mini DV tapes to an .avi file.  
In-Game Verbalisation. In-game verbal information was recorded using an 
Olympus DS-5000 digital voice recorder. The digital recorder was attached to the upper 
back of the participant via an elastic harness and this contained a lapel microphone 
(used to capture verbal information) that was attached to the lapel of the umpire‟s shirt 
(Figure 5.1). The voice recorder and microphone were unable to be waterproofed and 
consequently in-game voice recording only occurred when the weather was fine.  
 
Figure 5.1. Position of the voice recorder and lapel microphone on the umpire. 
Prior to each game, participants were instructed to „think out loud‟ during the 
game. The purpose of this instruction was to ensure the participant provided information 
regarding their decision-making process. During breaks in play (e.g., the ball is out of 
bounds or at the other end of the ground), participants were encouraged to provide 
further justification of the reason for a previous decision. Following each game the 
audio recording was downloaded and converted to a WAVE audio file (.wav), with the 
verbal reports transcribed verbatim.  
In-Game Performance Analysis. Video footage from both camera one and two, 
and the audio in-game verbal recording were combined using the ADOBE Premiere Pro 
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CS4 video editing package. This program enabled the video footage to be viewed side-
by-side and the verbal recordings to be concurrently matched. The processed file was 
then saved into an .avi format. By combining the three files a holistic view of the 
umpire‟s in-game performance could be assessed. 
The combined video and audio file was subsequently reviewed by two external 
coders that were not involved in the data collection process. To ensure the coders were 
blind to the sequence the games were recorded and to control for coder bias two 
methods were undertaken; (i) each game file was provided with a label that did not 
distinguish the order in which they had been recorded (i.e., Aaron at Ballarat); and (ii) 
the games were provided to the coders in a random order. The coders were asked to 
identify the number of: player contact based decisions (i.e., free kicks, and player 
contact incidents); disposals (i.e., kicks and handballs); marking contests (i.e., when a 
group of players attempted to mark the ball); tackles; and times play had to be restarted 
(i.e., ball up, centre bounce, boundary throw in). Following the coding, all player 
contact decision-making incidents (n = 394) were edited (using ADOBE Premiere Pro 
CS4) to a short video clip of the incident. These video clips ranged from 10-60 seconds 
and presented the lead up information, the incident, and the outcome of the decision.  
The short video clips were then presented to a panel, comprised of the PhD 
researcher and two current qualified umpires (one state level Victorian Football League 
umpire, and one regional Victorian division one level umpire) that were not 
participating, or involved in the data collection phase of the study. The panel reviewed 
each clip and discussed the correct decision interpretation. Any discrepancies were 
debated until a unanimous decision for the outcome of the clip was reached, whereby 
the in-game decision was deemed either correct or incorrect.  
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Semi-Structured Interviews. Semi-structured interviews were conducted the 
week after the final (fifth) game was recorded. All interviews were recorded using an 
Olympus DS-5000 digital voice recorder and were approximately 26 to 39 minutes in 
duration. In each of the three interviews, eight short video clips of player contact 
decision-making incidents were presented. In the interviews, eight clips were selected 
for each umpire from their fourth and fifth recorded games. Clips from the most recent 
games were selected as research indicates that players are more likely to accurately 
recall information over a shorter time period (Côté et al., 2005).  
In the individual interviews, each umpire was presented with the first of the eight 
clips and was asked to familiarise themselves with the specific incident in the clip. Each 
umpire was able to watch the specific clip as many times as necessary. Once familiar 
with the incident, they were asked to recall and share their in-game thought processes 
with the PhD researcher. Following the initial recall the video was replayed and paused 
at specific time points (i.e., just prior to or following the incident) and a series of open-
ended questions were asked. These questions related to the steps involved in decision-
making, including the visual cues the umpire used to assist in the decision-making 
process; and reasons why that umpire considered the decision correct (see Appendix 6 
for full list of questions). It was anticipated that the open-ended questions would 
generate greater understanding than the initial recall, particularly as the questions were 
focused toward understanding cognitive processes and identifying what information the 
umpire perceived as critical when making a decision. Finally, each umpire was also 
asked to identify key information from the clip that would be important if teaching a 
novice umpire. This question aimed to ascertain what information the individual 
umpires perceived as important for decision-making, and determined whether this 
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information informed their decision-making. This same sequence and question structure 
was repeated for the remaining seven clips.  
After the eight clips had been considered and discussed, within the same interview 
the umpires were presented with two BFL game-play situations that they did not 
umpire. Similar to the structure of the eight clips, the umpires watched the footage until 
they were familiar with the BFL gamp-play clip and were asked to concurrently 
verbalise their thought processes. The umpires were allowed to view the video clip 
several times while „thinking out loud‟. Akin to the earlier clips, the same series of 
open-ended questions that focused on cognitive processes and critical information were 
asked. Following the interview all verbal recordings were transcribed verbatim. 
 
DATA ANALYSIS 
To determine inter-rater reliability of the two coders (who identified the number, 
and classified the type of incidents within all games considered in this study), coding of 
an entire BFL game not included in the final analysis was completed. Within this 
specific game analysed, Coder 1 identified 210 incidents and Coder 2 identified 225 
incidents. Table 5.1 provides a breakdown of how these incidents were classified for 
each of the coders. The coded game incidents were matched based on the time they 
occurred in the footage with Pearson‟s correlation indicating a significant inter-rater 
reliability (r = 0.96, p < 0.05), which indicated a strong correlation and/or strong level 
of agreement between the two coders.  
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Table 5.1. 
The number of incidents each coder identified into the specific classification. 
Incident Coder 1 Coder 2 
Free Kick 20 20 
Centre Bounce 19 19 
Ball Up 11 12 
Boundary Throw In 25 20 
Tackle 77 91 
Mark 58 63 
 
Quantitative Analysis. The individual umpire‟s video-based decision-making 
performance was observed over the intervention at the different video-based test 
administrations (pre, post, and retention test). Umpires‟ in-game performance was 
determined by calculating the percentage of correct decisions for each of the five games. 
These values were subsequently averaged to provide an overall in-game performance 
score for the five analysed games. To determine whether in-game performance changed 
as a result of the video-based training program, a baseline in-game performance score 
was calculated by averaging the percentage of correct decisions from the first two 
analysed games. As these first two games were recorded in the weeks following the pre-
test and up until week of the video-based training program, this was considered a valid 
baseline measure. Baseline scores were compared to the average in-game performance 
score that was calculated for the final two analysed games recorded during the weeks of 
the post and retention tests. In addition, for each umpire, the percentage of correct 
decisions was graphed over time to provide an indication of in-game decision-making 
performance during the training program. 
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Qualitative Analysis. In-game verbal reports and semi-structured interviews were 
analysed using content analysis, incorporating aspects of the grounded theory approach 
(Glaser & Strauss, 1967). Content analysis is defined as “objective, systematic and 
quantitative description of the manifest content of communication” (Berelson, 1952, p. 
19), whereby the process is to explore the text for themes rather than observation-based 
notes (Patton, 2002). The grounded theory approach requires the researcher to become 
immersed in the data, so meanings can be identified, with specific observations leading 
towards general patterns and themes (Glaser & Strauss, 1967). Therefore, the focus of 
this analysis will be on the manifest meaning, and not the connotative meaning, or latent 
content, of the verbal report (Riffe, Lacy, & Fico, 1998).  
To ensure the data were trustworthy, two methods were implemented. First, the 
PhD researcher concurrently listened to the audio recording and read the transcripts. 
This process ensured that there were no errors in the transcripts and further provided the 
researcher with a full understanding of the material. Second, member checking was 
implemented. The process of member checking is a key method to establish credibility 
of the study (Lincoln & Guba, 1985), as the participant confirms the accuracy of the 
information in the verbal reports (Creswell & Miller, 2000). Each umpire was provided 
with a copy of his transcript and was asked to verify the accuracy of the information. 
All umpires confirmed that the information within the transcript was accurate, and any 
errors identified were corrected.  
Following data checking, each member of the research team separately read the 
semi-structured interviews and in-game verbal reports until they were familiar with the 
content. Raw data (i.e., quotes) were organised into topics related to umpire 
performance, outlined by the Cornerstones Model of Refereeing Performance 
(Mascarenhas, Collins, & Mortimer, 2005). During analysis, several other themes were 
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identified (e.g., decision evaluation and player intention) that were considered important 
to fully understand the processes associated with Australian football umpires‟ decision-
making. After raw data was analysed, the research team discussed and operationally 
defined each theme.  
Following coding of the verbal report data, two further measures of 
trustworthiness (i.e., inter-coder and intra-coder agreement) were used to ensure 
accuracy, reproducibility and stability of the semi-structured interviews and in-game 
verbal reports (Krippendorff, 1980). An independent coder (an experienced research 
assistant) was employed to code all transcripts and this enabled inter-coder agreement to 
be calculated. Riffe et al. (1998) recommended that a high level of inter-coder 
agreement (> 80%) is desirable, as this is supported by Carey, Morgan and Oxtiby 
(1996) who identified that lower levels of agreement may be a result of coder bias 
potentially undermining the credibility and efficacy of the findings. The inter-coder 
agreement for this study was 85% indicating a high level of agreement.  
Intra-coder agreement of coding was also assessed, as this identifies the 
repeatability of the coding results on two different occasions (Krippendorff, 1980). 
Intra-rater agreement was established by coding the transcripts on two separate 
occasions, 14 days apart, as this time interval is likely to assess random differences in 
the coding rather than changes in behaviour or ability (Pedhazur & Pedhazur-
Schmelkin, 1991). Intra-rater agreement was set at 80% agreement, and was reached 
with an intra-rater agreement of 89%, which indicated a high level of agreement (Riffe 
et al., 1998). Upon completion of the trustworthiness checks, the themes were identified 
and reviewed.  
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RESULTS AND DISCUSSION 
Due to the design of this study, and in line with qualitative research, the results 
and discussion of this study will be presented together. The following section presents 
the quantitative results for each case. To reduce repetition, a cross-case analysis of the 
qualitative data (concurrent in-game verbalisation and interview verbalisation data) is 
then presented, which will present an integrated analysis of the themes from the three 
individual cases (Creswell, 2007; Yin, 2003). Participants names have been changed 
(used pseudonym) to ensure anonymity. 
 
CASE 1 – AARON  
Background Information. Aaron was a member of the BFUA and umpired senior 
level games within the BFL. Aaron was 30 years old and had 6 years (approximately 
170 games) of competitive Australian football umpiring experience. During his 6 year 
umpiring career, Aaron regularly attended two training sessions per week with the 
BFUA. Prior to umpiring, Aaron played Australian football in the Regional Victorian 
Division 2 competition, playing a total of 25 games across three seasons. 
Video-Based Test Measure. On the video-based pre-test, Aaron correctly 
interpreted 82.3% of the decision-making scenarios, which was the highest individual 
score for the pre-test. Following the intervention, Aaron‟s post-test score (68.8%) was 
higher than 74.8% of the intervention group who had an average post-test score of 
62.7%. On the retention test however, Aaron‟s decision-making performance decreased 
to 62.5% which was lower than three-quarters (74.3%) of the intervention group who 
had an average score of 68.8%. Thus, Aaron exhibited a 22% decline in decision-
making performance between the pre and retention video-based tests. This performance 
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decrease is in contrast to the overall findings from Study 2 where the intervention group 
showed significant improvements from pre to retention tests. In addition, Aaron‟s 
individual results conflict with the video-based training literature, which indicates the 
positive benefits of video-based training for enhancing perceptual-cognitive skills 
(Farrow & Abernethy, 2002; Gabbett et al., 2007; Williams et al., 2003). Further, as 
Aaron was considered a less experienced umpire (umpired less than 300 games), the 
decision-making performance reduction following video-based training further 
contradicts current umpire training literature, which indicates significant decision-
making improvement of inexperienced athletes following video-based training 
(Mascarenhas, Collins, Mortimer, & Morris, 2005). A possible reason for this decline in 
performance will be discussed following the descriptive results of Aaron‟s in-game 
performance. 
In-Game Performance. Aaron‟s in-game decision-making performance was 
assessed over five separate games. The first game was Week 1 of the 2010 BFL season, 
which occurred prior to Aaron completing any of the video-based training sessions. 
Aaron‟s performance was also analysed during Week 2, 7, 10 and 15 of the BFL season, 
which occurred throughout the intervention period.  
Despite Aaron‟s decrease in decision-making performance on the video-based 
tests, the evaluation of in-game performance indicated that Aaron‟s decision-making 
performance increased from games 1 to 5 (Figure 5.2).  
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Figure 5.2. Aaron‟s percentage of correct decisions during the video-based testing 
sessions and in-game performance. 
 
During the first two games, which were prior to, and following the first week of video-
based training, 68% of Aaron‟s in-game decisions were considered correct, whereas 
85% of decisions were considered correct in the final two games where performance 
was analysed (Weeks 10 and 15).  
A possible explanation for the decline in Aaron‟s video-based test performance 
may come from the self-determination theory (Deci & Ryan, 1985), which attempts to 
explain the regulation of human behaviour and the innate psychological needs that form 
the persons self-motivation and personality for the maintenance of positive processes 
(Pelletier, Fortier, Vallerand, & Briére, 2001; Ryan & Connell, 1989; Ryan & Deci, 
2000; Treasure, Lemyre, Kuczka, & Standage, 2007; Wang, Chatzisarantis, Spray, & 
Biddle, 2002). Self-determination incorporates forms of regulation, with one being 
introjected regulation, which indicates that external sources of motivation are perceived 
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and reinforced through internal pressures such as self- and other-approval or avoidance 
of guilt (Ryan & Connell, 1989). Although somewhat speculative, Aaron‟s decrease in 
performance may represent introjected regulation because at the commencement of the 
program he may have felt pressured to perform to the best of his ability to impress the 
BFUA umpire coaches endorsing the program. At the conclusion of the program, the 
BFUA umpire coaches were less supportive (as noted from field notes taken at the time 
of data collection) and therefore the absence of this external form of motivation may 
have reduced Aaron‟s internal pressure to perform contributing to his lower 
performance on the post and retention test.  
As Aaron may regulate his behaviour through introjected regulation (Pelletier et 
al., 2001; Ryan & Connell, 1989; Treasure et al., 2007; Wang et al., 2002), external 
motivation such as the crowd, players and umpire coaches, may contribute to his 
increased in-game decision-making performance over the duration of the training 
program. As this is the first investigation to examine the effects of video-based training 
on decision-making performance of Australian football umpires, further investigation 
may explore how umpires regulate their training behaviour, and how the presence of 
umpire coaches alter individuals training behaviour. Furthermore, investigations should 
consider whether umpires perceptions of the value of video-based training to improve 
in-game performance as individual perceptions may have a positive or negative impact 
on training effectiveness.  
 
CASE 2 – LACHIE  
Background Information. Lachie was 32 years old and had been a competitive 
Australian Rules football umpire for 18 years. At the time of the study, Lachie had 
umpired with the BFUA for 14 years and regularly attended umpire training (two nights 
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per week). Lachie had umpired 350 BFL games and had also umpired 80 state league 
(Victorian Football League) games over a 4 year period and thus classified as an 
experienced umpire. Lachie reported playing one season of junior level football.  
Video-Based Test Measure. On the video-based pre-test, Lachie correctly 
interpreted 66.7% of the infringement scenarios and was higher than 67% of the 
intervention group who had a pre-test score of 63.3%. Lachie‟s test score on the post-
test dropped to 58.3%, which was only higher than 29% of the intervention group who 
had an average post-test score of 62.7%. Lachie‟s score improved on the retention test 
where he scored 68.8%, which was higher than 56% of the intervention group. Thus, 
demonstrating a 3.3% increase in decision-making performance from pre to retention 
tests. This improvement from pre to retention tests supports current perceptual-cognitive 
investigations that have indicated perceptual-cognitive skill improvement following 
video-based training (Farrow & Abernethy, 2002; Gabbett et al., 2007; Williams et al., 
2003). 
In-Game Performance. Similar to Aaron, Lachie was also monitored during the 
2010 Australian football season with five separate games recorded and analysed. The 
first analysed game was in Week 3 of the BFL season, which aligned with the third 
video-based training session. The following four games were assessed in Week 5, 6, 10 
and 14.  
Figure 5.3 indicates a positive trend for decision-making performance between the 
first two analysed games and the last two analysed games. In the first two games (Week 
2 and 4 of the training program) Lachie‟s average correct in-game decision-making was 
77%, whereas in the final two weeks (Week 11 and following the post-test) his average 
correct decisions increased to 93%. Regular in-game practice is a predictor for umpire 
skill improvements (Catteeuw et al., 2009; MacMahon et al., 2007; Reilly & Gregson, 
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2006), however, as Lachie already has 430 games of umpire experience it is unlikely 
that the additional seven games would have accounted for this improvement. A possible 
explanation for Lachie‟s performance improvement is his active participation in the 
video-based decision-making training intervention, which may demonstrate transfer of 
skills from video-based training to in-game performance.  
 
 
Figure 5.3. Lachie‟s percentage of correct decisions during the video-based decision-
making test sessions and in-game performance. 
 
CASE 3 – JAMES  
Background Information. James was also a member of the BFUA and umpired 
BFL senior games. James was 39 years old and was classified as an experienced umpire 
as he had 18 years (approximately 400 games) of competitive Australian Rules football 
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umpiring experience within the BFL. Over the course of his 18 year umpiring career, 
James regularly attended two training session per week. Prior to umpiring, James 
reported that he played approximately 100 games (5 seasons) in a Regional Victorian 
Division 2 competition. 
Video-Based Test Measure. James scored 52.1% on the video-based pre-test 
which was only higher than 10% of the intervention group who had an average pre-test 
score of 63.3%. At the post-test James correctly identified almost half (48.9%) of the 
decisions presented. This was the lowest score on the post-test for all participants in the 
intervention group. At the retention test James‟ video-based decision-making score 
increased to 62.5%, however this was only higher than one quarter (26%) of the 
intervention group. However, James did demonstrate a 20% improvement in decision-
making performance from the pre to retention test. This improvement in decision-
making performance is consistent with the findings of Study 2, where the video-based 
intervention group significantly improved their decision-making performance. 
Furthermore, this finding corroborates with current literature that indicates video-based 
training programs enhance umpires‟ perceptual-cognitive skills (Catteeuw, Gilis, 
Jaspers et al., 2010; Catteeuw, Gilis, Wagemans et al., 2010; Mascarenhas, Collins, 
Mortimer, & Morris, 2005; Schweizer et al., 2011). 
In-Game Performance. James‟ in-game performance was first assessed in Week 1 
of the season which was the week prior to the commencement of the video-based 
training program. The subsequent four games were assessed during Week 3, 7, 9, and 
16 of the football season.  
Analysis of in-game performance indicates a positive trend, with the percentage of 
correct decisions increasing from the first two games (64%) to the last two games (76%) 
(Figure 5.4). This in-game performance increase may have been the product of 
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participation in the video-based decision-making training intervention. Thus, James‟ 
results provide initial evidence that video-based training may positively transfer to 
improved in-game performance. Considering this is the first study to assess whether 
video-based training can improve Australian football umpires‟ in-game performance, 
further empirical evidence is required to confirm the link between video-based training 
and in-game performance. 
 
Figure 5.4. The percentage of correct decisions James made during the video-based 
decision-making test session and during in-game performance. 
 
As James scored relatively low on the decision-making tests and in-game 
performance measures compared to Aaron and Lachie, he may not possess the cognitive 
processes associated with skilled decision-making. This suggestion is supported by 
previous findings, which indicate that cognitive planning differences between skilled 
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and less skilled tennis players, as less skilled tennis players made weak solutions to 
game problems compared to more skilled players who plan their next shot and predict 
their opponent‟s future actions (McPherson, 2000). To support this claim further, 
research is required to investigate the cognitive processes of umpires of different 
performance levels (i.e., national, state and local), which may potentially inform future 
umpire decision-making training programs.  
CONCURRENT IN-GAME VERBALISATION 
In this section, a cross-case analysis that integrates the themes from the three 
cases will be reported. The cross-case analysis provided two types of verbal data: 
internal (defined as self-cognitions or personal thoughts the umpires were verbalising 
during the game), and external dialogue (the verbalised inter-personal communication 
between the umpires and the players). Analysis of in-game verbal reports identified two 
external dialogue themes (i) game-play instructions and (ii) player education, and one 
internal dialogue theme knowledge of game-play.  
Game-Play Instructions. For the purpose of this analysis, game-play instructions 
were defined as the umpire‟s in-game verbal communication with a player (or players) 
where the objective was to instruct player (or players) on how the game should be 
played. Aaron and Lachie provided game-play instructions at various times during the 
game. For example, Aaron provided clear instructions prior to restarting play with a 
ruck contest (see Appendix 3), by stating, “Eyes up in the ruck (contest), the ball is the 
object boys... don't shepherd (possible infringement).” This quote illustrates that clear 
instructions were provided to players before an infringement took place. Similarly, 
Lachie provided instructions to the players before an infringement occurred, “keep it 
clean like in the first half guys.” Clegg and Thompson (1993) reported that if umpires 
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instruct the players in this manner, it may reduce infringements, while contributing to 
the development of positive relationships between the umpire and athletes. 
In addition to instructing players prior to the restart of play, all three umpires also 
provided in-game instructions to players during passages of play. The following quote 
provides an example of Aaron communicating with two players who challenged for 
possession of the ball, and as they came into contact with each other, Aaron stated, “Let 
him go (pause), let him go (pause), (Aaron blows the whistle), you held him too long 
(signals holding the man, free kick to the player being held).” This example 
demonstrates that Aaron instructed the offending player multiple times to stop the 
illegal action and only when the player failed to follow the instructions was the 
infringement awarded. Lachie also instructed a group of players around the ball during a 
passage of play, by stating, “keep your eyes on the ball guys. Don't push off the ball 
only play the ball.” Similarly, James also instructed players to ensure they did not 
commit an infringement by saying, “make sure you get this ball out boys. Don't tuck it 
in under you.” These examples illustrate that the three umpires continuously 
communicate with the players during game situations in an attempt to potentially reduce 
future infringements. According to the AFL, by communicating with the players during 
certain game situations it enables umpires to maintain full control of the match 
(Australian Football League, 2012a), and this appeared to be true in the three umpires 
game transcripts.  
To date, only one study has examined the in-game communication of sporting 
officials (Trudel, Côté, & Sylvestre, 1996). Trudel observed in-game behaviours of 
eight ice hockey referees and found that during an entire game referees interacted with 
players either verbally or non-verbally (gestures) for over 40% of the time. The 
predominant type of in-game verbal communication was advice and encouraging 
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remarks. The context or specific content of the verbal advice was not stated, however, 
this indicates that in-game communication is a key aspect of in-game performance of 
sporting officials (Trudel et al., 1996). This is further supported by the Cornerstones 
Model of Refereeing Performance (Mascarenhas, Collins, & Mortimer, 2005), which 
identifies verbal communication as a key theme within the performance profile of game 
management. Despite the importance placed on verbal communication with players, the 
model fails to indicate what type of verbal communication is necessary during a game. 
Therefore, to determine how Australian football umpires use verbal communication 
during a game and whether this can reduce dangerous player contact situations, further 
qualitative investigations are required. 
Player Education. A salient theme within the qualitative data was player education, 
which was defined as the verbal communication with a player (or players) where 
justification and/or explanation of an in-game infringement were provided. While the 
main role of an umpire is to identify infringements and control the game, 
communication between umpires and players is also a key aspect of umpire 
performance (Mascarenhas, Collins, & Mortimer, 2005; Trudel et al., 1996). Clegg and 
Thompson (1993) recognised that verbal communication is important as it may: (i) 
educate the players about the rules of the game; (ii) reduce the likelihood of dangerous 
player contact; and/or (iii) build positive relationships between the umpires and players.  
In numerous game scenarios there was evidence of the three umpires educating 
players, specifically through the justification of infringement decision. For example, in 
the play leading up to a goal, a defending player made contact with the chest of an 
attacking player. At the break in play after the goal, Aaron forewarns the player about 
future dangerous contact by stating to the player, “Watch your attack (tackle) on the 
player when you‟re grabbing him like that (demonstrates a grabbing action across his 
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chest).” In addition to justifying his decision, in other examples Aaron also provided 
individual players with a more detailed reason for the infringement, by saying, “your 
hands were in the back... Soft hands in the back but we‟re told to pay anything and 
everything.” In this case, “soft hands in the back” indicated there was no excessive 
contact, but the illegal contact was still made.  
Similar to Aaron, James also used literal application of the rules to manage the 
player actions, even when he believed the offense was minor (i.e., soft free kick): “push 
in the back (infringement), one hand (placed in the back), it is a soft free kick but it‟s 
the rules.” A potential reason for using the literal application of the rules in these 
examples was to ensure the situation did not become volatile or compromise player 
safety (Lane et al., 2006). Furthermore, by explicitly stating the decision and the degree 
of severity of the infringement both Aaron and James present the parameters for the 
players to play the game. Therefore, players are able to identify the umpire‟s 
interpretation of game incidents and understand the limits in which they may play 
without committing illegal game actions (Stornes, 2001). 
Lachie also educated individual players following certain game actions. In an 
incident where one player pushed their opponent in the back (infringement), Lachie 
stated, “You pushed him down, as he went down you put your hands in the back; you‟re 
not allowed to put your hands in the back.” Lachie provided the player with the 
justification for his decision and informed the player of why that game action is 
classified as illegal. In another example Lachie explained his interpretation of the 
infringement to a player following a pushing infringement during a marking contest, by 
explaining, “Pushed out first, you used your force to push him out, if you just hold him 
it‟s alright but you went like that (demonstrates a forceful push with his arms).” In this 
example, Lachie identified the key action, forcefully pushing the player out of the 
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contest, which resulted in an infringement. Lachie then informed the player of actions 
that will not result in a pushing infringement and demonstrated to the player the action 
they performed that resulted in a free kick. As an umpire, Lachie clearly used verbal 
communication to educate players during game-play contests by providing instructions 
and explanations on their game actions.  
Educating players on the rules is an important aspect of an umpire‟s in-game 
performance, as their role includes both making judgements based on the rules of the 
game, and also educating the players on interpretation of the rules (Clegg & Thompson, 
1993). Research has suggested that providing an explanation for decisions may reduce 
player confrontations and build positive relationships with players (Clegg & Thompson, 
1993), although this has not been investigated within Australian football. While it was 
beyond the scope of this study to consider whether the communication between the 
umpires and players contributed to positive relationships, further research should 
consider this relationship.  
Knowledge of Game-Play. The theme knowledge of game-play was defined as 
self directed verbal communication that demonstrated knowledge of future player 
actions and/or game-play. Investigators have shown that skilled performers are able to 
use visual information early in an action sequence to predict the next act of play 
(Abernethy & Russell, 1987; Larkin et al., 2011), and this is an important skill for 
Australian football umpires as it ensures that they are in an appropriate position to view 
the next ball contest (Larkin et al., 2011).  
Aaron demonstrated knowledge of future events by describing how he predicted 
the game-play might evolve, “They have two loose (players) on the other side (of the 
ground), so (I am) expecting a switch (of play) here.” Aaron further demonstrated his 
knowledge of game-play information by predicting the future actions of the player in 
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possession of the ball, “Nothing forward, so he has to go across, only one man on the 
other side of the oval.” Here, Aaron recognised that the player in possession of the ball 
did not have a team-mate in a forward position and therefore predicted that the player 
will pass it to a team mate on the other side of the oval.  
Not only did Aaron predict the next passage of play, it was also evident that he 
predicted potential infringements: “The ball is coming forward, could be hands in the 
back (pause). Nah nothing, play on.” Aaron recognised early in the action sequence that 
a push in the back infringement was a likely outcome. Aaron did not use this 
anticipation judgement to guide his decision-making, but waited for the contact to 
occur. This is important, particularly as Australian Football umpires are instructed to 
watch the whole incident before making a decision (Australian Football League 
Tasmania, 2011). In another situation where two players contested the ball on the 
ground, Aaron stated what infringement was likely, “I'm watching for high contact on 
him (high tackle infringement) (pause). Fair tackle play on”. Again, after perceiving the 
information Aaron paused, again viewing the whole incident prior to making an 
informed decision. Both of these examples demonstrated Aaron‟s ability to assess the 
game scenario and generate possible decision outcomes based on advance cue 
information. The ability to use advance cue information has been shown to be an 
attribute of skilled decision-making performance in athletes (Vaeyens et al., 2007). To 
date, however, no other study has examined the in-game cognitive processes of umpires.  
While Aaron demonstrated a strong ability to predict player and infringement 
incidents, Lachie and James focussed more on monitoring and predicting player 
behaviour. Lachie provided an example of player management near the conclusion of a 
game where one goal (6 points) separated the two teams. The game became tense with 
players committing several infringements to either gain an advantage or prevent the 
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opposition from scoring and Lachie stated, “A few players getting edgy as the game 
gets close, they start to lose the plot. I have to watch behind the ball more.” This 
illustrates Lachie‟s knowledge and understanding of how players react during the final 
stages of a close game and how he recognised player‟s mannerisms and identified the 
increased likelihood of player contact infringements. Consequently, knowledge of game 
context altered Lachie‟s game management style as he consciously shifted his attention 
to dangerous off the ball player confrontations. 
Lachie also managed player interactions within the game. For example, when 
Lachie penalised a player for an infringement (which the player did not agree with) the 
player became agitated with his personal performance (giving away the free kick). 
Therefore, Lachie closely monitored the player‟s actions at the next contest and stated, 
“Silly free kicks (player is giving away), he is going to do something silly... He is 
coming in from the side (pause) he calmed down.” In this quote, Lachie demonstrated 
his understanding of player behaviour and identified the potential for players to go 
harder and faster at the ball after giving away a free kick. Similarly, James also 
monitored player behaviour by stating,  
I‟m just pre-empting, Player 1 (pseudonym) came through with a lifted elbow 
(near head height of an opposition player), if an opposition player seen that they 
may hit him... Its player management, less likely for biffo (player‟s arguing and 
confronting each other) if they think we're onto it.  
Even though the player did not commit an infringement, James identified that the action 
may have further consequences on the game (such as opposition players retaliating). 
Thus, both Lachie and James illustrated a sound understanding of player behaviour and 
were proactive in managing these incidents as umpires have a duty of care to the players 
to protect them from foreseeable dangers (Gabbe & Finch, 2000).  
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Mascarenhas and colleagues (2005) also identified the importance of umpires 
being able to “alter his or her style of refereeing to suit the particular nuances of the 
game” (Mascarenhas, Collins, & Mortimer, 2005, p. 368) in the Cornerstones Model for 
Refereeing Performance. Based on this description, umpires need to understand the way 
the game is played to effectively manage the game environment, which may be 
achieved by altering their umpiring style based on the context of the game. All three 
umpires in this study clearly demonstrated the ability to alter their personal refereeing 
style based on changes within the game environment, such as game context (time and 
score) or player changes (personal performance changes). By understanding the 
potential outcomes of different game actions caused by either player performance or the 
time and score of the game, all umpires demonstrated an experienced level of 
performance (Ward & Williams, 2003; Williams, 2000).  
 
INTERVIEW VERBALISATION DATA 
During the interview process, all umpires verbalised their personal decision-
making cognitions during the presentation of video information. Open ended questions 
were also asked to gain further insight into the processes associated with their decision-
making. Due to the explicit nature of the task, the reported results only include manifest 
content. Analysis of the three umpire‟s interview verbalisation data identified three 
salient themes including (i) anticipation, (ii) player intention during game-play, and (iii) 
decision evaluation. These themes are subsequently discussed. 
Anticipation. Anticipation is defined within the literature as the ability to make 
accurate predictions using contextual information from the surrounding environment 
(Abernethy & Russell, 1987). For this case study, the definition was extended to include 
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the perception of advanced cues within the game-play environment, such as player 
movements and actions, which assist the in-game decision-making process. Aaron‟s 
ability to use advance cue information to anticipate future infringement situations was 
illustrated when two players attempted to mark a ball. Aaron stated: “You think, he is 
starting to slow up, so this bloke behind him might catch him and this could be in the 
back or too high.” Aaron recognised advance cue information from the situation (i.e., 
player movements) to identify the likelihood of a possible infringement (e.g., push in 
the back or high contact).  
Lachie also identified that he used advanced cues to assist in predicting the next 
passage of play or potential infringements. An example is shown during a ruck contest 
where Lachie visually searched for advance cues to determine possible infringements or 
the direction of the next passage of play, and stated,  
I look at their eyes and the way they hold to see if they are going to block the 
other player out. So their body movement it will tell me where the ball is going to 
land, and which way play is going to happen.  
In another ruck example, Lachie further explains the key areas he visually searches to 
predict the next passage of play by stating, 
I‟m looking at the ruckmen at the start, because they‟re going to get the tap. I 
never look at the ball because you know where it is going to land as you can see 
where the players are going to run. 
These quotes provide a verbal indication of Lachie‟s conscious visual search strategy. 
By visually searching for cues from the players, and not the ball, Lachie may determine 
where the ball is going to land and the likely players who will obtain possession.  
Through the utilisation of advance cue information, such as player movements, 
Aaron was able to generate a possible infringement outcome which may reduce his 
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infringement-based information processing demands (Farrow & Raab, 2008). This 
reduction in information processing is due to the consideration of only two possible 
infringement outcomes for the given situation (e.g., push in the back or high contact) 
and not all other possible player contact situations (e.g., low tackle, trip, holding the 
ball). Therefore, identifying the appropriate advance cue information may assist in 
reducing the in-game decision-making load of the umpires. Previous findings have also 
indicated that the ability to use advanced cue information may assist umpire positioning 
(Larkin et al., 2011), which may result in more consistent and accurate decisions 
(Helsen, Gilis, & Weston, 2004; Maruenda, 2004; Oudejans et al., 2000).  
One umpire (Aaron) indicated that previous umpire experience assisted his ability 
to recognise advance cue information and guide his decision-making process, but 
explaining,  
Once you have seen it a hundred times, you start to not focus in on free kick but 
more on the lead up play, and you will think „this bloke is coming in from the side 
and this bloke is coming in from behind, this could be hands on the shoulder‟(high 
tackle infringement). 
To support the benefits of experience on decision-making performance, Pizzera and 
Raab (Pizzera & Raab, 2012) stated that experience watching soccer games as a 
spectator (without making decisions on the game) significantly contributed to referees 
decision-making performance. It was believed that previous experience enhanced 
perceptual-cognitive performance as more experienced performers possess a larger 
amount of task-specific knowledge within long-term memory (Egan & Schwartz, 1979). 
Therefore, when presented with a task-specific situation, Aaron may be able to retrieve 
task-specific information from long-term memory to guide his decision-making process. 
However, traditional sport-based decision-making models the Decision-Making in Sport 
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Model (Farrow & Raab, 2008) and Cornerstones Model of Refereeing Performance 
(Mascarenhas, Collins, & Mortimer, 2005) do not consider the role previous experience 
plays in the decision-making process.  
This study indicated that experience plays an important role in decision-making 
performance, particularly in the use of advanced cues. In contrast to Aaron and Lachie, 
James demonstrated limited ability to use advanced cues in his decision-making. The 
reason for this remains unclear, particularly as both Lachie and James had 18 years of 
umpiring experience, which was considerably more than Aaron who had only been 
umpiring for 6 years. This suggests that the ability to use advanced cue information may 
also be linked with decision-making performance scores, as Lachie and Aaron scored 
considerably higher on pre and post test measures than James. Further investigations are 
necessary to gain further insight into factors that influence an umpire‟s ability to use 
advanced cue information.  
The role of experience has also been identified as important in the decision-
making process in non-sporting situations, where Klein, Calderwood and Clinton-
Cirocco (1988) found that fire-fighters acted on previous decision-making experience 
rather than considering alternative decisions or assessing possibilities associated with a 
current scenario. Klein et al.‟s finding led to the development of the Recognition-
Primed Decision model, which stated that during the decision-making process 
individuals use previous experience to highlight the most relevant cues, expectancies 
and outcomes for a certain decision. As the Recognition-Primed Decision model 
outlines the process of quick, pressured decision-making, future umpire investigations 
may consider this model in addition to traditional sport-based decision-making models 
(Farrow & Raab, 2008) to explain the in-game decision-making process of umpires.  
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Player Intention During Game-Play. The second theme outlined in the 
interviews was player intention during game-play, defined as the interpretation of a 
player‟s objective during game-play (e.g., body movements or actions) that guided an 
infringement-based decision. This theme differed to anticipation, as the anticipation 
theme focussed on the identification of advanced cues that assisted in the generation of 
possible infringement outcomes, but did not form the basis of an infringement decision. 
In contrast, the player intention during game-play theme illustrates how the 
interpretation of a player‟s objective during the contest informed the final decision.  
Aaron used his interpretation of a players objective to inform his decision when 
two players contested for a mark. In the situation the defending player had two 
teammates within close vicinity of the contest that could potentially gain possession of 
the ball and clear it from the defensive end of the ground. Aaron provided his 
interpretation of the situation, by suggesting,  
This player (attacking player) is going for the ball, this bloke (defending player) is 
thinking I am just not fit enough so I am going to take him out of it (the contest 
for the ball), because I have got two team mates who are going to take over (gain 
possession of the ball) and try and get that ball out (of defence). 
Aaron interpreted that the defending player‟s objective was to illegally impede the 
opposition player (e.g., “I am just not fit enough so I am going to take him out of it”) by 
either holding or pushing the opposition player away from the contents for the ball. 
Aaron believed the player intended to push the attacking player out of the contest to 
ensure his teammate gained possession of the ball. This example indicated that Aaron 
used his interpretation of the player‟s objective during a game situation to inform his 
decision outcome.  
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Lachie provided an example of this theme when two players contested for a ball 
during a marking contest. Lachie described his interpretation of the marking contest, 
and why he penalised the player for a holding the man infringement when he stated, 
“The players intention was to hold up the other player and get him out of the (marking) 
contest (holding the man infringement)... the intention has got to be the ball for both 
players.” In this scenario, Lachie interpreted the intention of the player as illegally 
attempting to obtain possession of the ball and used this judgement to inform the final 
decision. This theme was further demonstrated when he viewed a clip of a player in 
possession of the ball on the ground. The player dove on the ball and dragged it 
underneath him, which according to the rules, if the player does not immediately knock 
the ball clear, or correctly dispose of the ball, the player is penalised for the 
infringement “holding the ball”. Lachie explains his justification for the decision by 
stating: 
His first objective was to dive on the ball and drag the ball in, and once he has 
done that he has lost all right to be over the ball... he has made no attempt (to 
dispose of the ball) so holding the ball (infringement).  
Lachie interpreted the player‟s actions and used this information to assist the 
development of his final decision, to penalise the player for holding the ball.  
The player intention during game-play theme indicates a component of an 
Australian football umpire‟s decision-making process that has not been identified within 
the literature. In soccer, the rules indicate that assistant referees must consider the 
intentions of the player when making an offside decision (Fédération Internationale de 
Football Association, 2011). The offside rule states that a player is in an offside position 
if they are closer to their opponent‟s goal line, than both the ball and second last 
defender, with the offending player judged to be offside if, in the referee‟s opinion, the 
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player is actively involved in the game-play (Fédération Internationale de Football 
Association, 2011). As the offside rule requires assistant referees to interpret whether 
the player intended to be actively involved in the game-play, there is potential for the 
subjective interpretation of the player‟s actions to contribute to decision-making errors. 
Previous findings have indicated that incorrect offside decisions were commonly due to 
errors in assistant referees positioning (Helsen et al., 2004; Maruenda, 2004; Oudejans 
et al., 2000), however no investigations have considered whether the official‟s 
interpretation of a player‟s intention contributes to decision-making errors.  
A potential reason for different interpretations of player intentions may be the 
individual umpire‟s personal game ethos (Carlsson, 2006; Stovitz & Satin, 2004). For 
example, if one umpire believes ball movement is an essential component of the game, 
and another umpire believes heavy contact is essential to the way the game is player, 
there is potential for differences in the interpretation of player intention. This 
interpretation may then lead to discrepancies in decision-making outcomes of different 
umpires. This is of concern, particularly as the AFL is continually striving for umpire 
decision-making consistency (across all levels of the game), with the umpires 
encouraged to officiate in accordance to the laws of the game (Australian Football 
League, 2012b).  
A factor that has been shown to assist in the decision-making process is previous 
experience (Brand, Schmidt, & Schneeloch, 2006; M. V. Jones, Paull, & Erskine, 2002; 
Plessner & Betsch, 2001). Lachie also identified in his verbal reports that previous 
experience assisted his interpretation of certain player‟s intentions during game-play: 
“It‟s just the way some players play, you get to know the way they play and their 
intention about what they‟re about to do.” The use of previous experience in the 
decision-making process has been shown to potentially contribute to different umpire 
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judgements of infringement decisions (Brand et al., 2006; M. V. Jones et al., 2002; 
Plessner & Betsch, 2001). Brand and colleagues (2006) explained that there is a 
sequential effect in the decision-making of sporting officials, with fouls judged 
differently depending on the order (sequential or random) they were presented. Thus, in 
the current investigation, Aaron and Lachie may judge certain players intentions 
differently depending on their experience or knowledge of the players involved, which 
may contribute to inconsistent decision-making. Therefore, further investigations are 
needed to comprehensively understand the role of player intention within the decision-
making process of umpires. This may lead to the development of training programs that 
incorporate activities focussed on player intention during game-play situations.  
Decision Evaluation. For Study 3, decision evaluation was defined as the procedure 
that contributed to a decision outcome. It was apparent that a key stage of Aaron‟s 
decision-making process was the elimination of possible decision outcomes prior to the 
final decision. A situation where this was evident was a holding the ball decision, in 
which Aaron stated,  
With a holding the ball decision you have got to eliminate all the other free kick‟s 
first. The first thing is, is the tackle legal? Was it too high? No. Next step, was it 
too low? No. Eliminate all those outside pieces and then you go has he had prior 
opportunity (to dispose of the ball)? Yes. Did he have a chance to get rid of it (the 
ball)? Yes, gone (holding the ball infringement). 
This example illustrates the explicit cognitive steps Aaron undertook when interpreting 
a possible holding the ball infringement. Prior to the final infringement Aaron 
eliminated all other possible infringements such as an illegal tackle (i.e., too high, too 
low). Once the tackle had been deemed legal, Aaron then determined whether the player 
with the ball had prior opportunity or reasonable time to legally dispose of the ball 
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before being tackled. In this instance Aaron deemed the player to be tackled legally and 
have prior opportunity to legally dispose of the ball. Therefore Aaron‟s final decision 
for this situation was a free kick for a holding the ball infringement.  
It is apparent that Aaron also used this elimination process during other player 
contact situations, for example in a tackle incident, as he stated: “If he doesn‟t get taken 
high, is it a correct tackle? Did he fall into his back? No. You got to eliminate.” This 
example explicitly indicates that Aaron undertook a cognitive elimination process to 
determine the final decision in player contact situations. Lachie also used an elimination 
process in the same way during tackle situations: “Player 1 (pseudonym) has got the 
ball, he has had prior opportunity (to dispose of the ball), he was tackled legally, and he 
has got the ball away (legally disposed of the ball), instantaneously. So play on.” This 
example indicates that Lachie processed one aspect of the incident (i.e., prior 
opportunity) before processing the next (i.e., legal tackle) and that both players conform 
to the rules (i.e., legal tackle, legally disposes of the ball), therefore the elimination 
process stops and play on is indicated (no infringement). 
Sporting official‟s decision-making has been assessed (or trained) via several 
perceptual-cognitive video-based tools (Catteeuw et al., 2009; Catteeuw, Gilis, Jaspers 
et al., 2010; Gilis, Helsen, Catteeuw, Van Roie, & Wagemans, 2009; Larkin et al., 2011; 
MacMahon et al., 2007; Mascarenhas, Collins, Mortimer, & Morris, 2005; Schweizer et 
al., 2011), however, these investigations have not reported the cognitive process when 
making a decision. The generation and consideration of possible decision outcomes has 
been identified as a key stage within the decision-making process of sport performers 
(Farrow & Raab, 2008). The Decision-Making in Sport Model states that skilled 
athletes consider other possible options, but does not indicate whether the consideration 
of options is an elimination process (Farrow & Raab, 2008). Therefore, the Elimination-
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By-Aspects Model (Tversky, 1972) may provide a better explanation of umpire 
decision-making. Tversky stated that any decision is subject to a sequential elimination 
process, whereby each decision outcome is the result of an elimination process of 
multiple sub-decisions. The Elimination-By-Aspects Model states that a sub-decision is 
considered and if eliminated the next sub-decision is considered. This process of sub-
decision elimination or selection continues until the final sub-decision is accepted. As 
both Aaron and Lachie indicated, for each player contact incident they considered and 
eliminated multiple sub-decisions prior to the final decision outcome. Accordingly, 
based on the findings of this study alone, Tversky‟s (1972) model may provide a better 
explanation of Australian football umpires‟ decision-making than the current sport-
based models (Farrow & Raab, 2008). The current sport-based decision-making models 
are limited in this context as they are not umpire specific, but focus on the decision-
making process of athletes generally (Farrow & Raab, 2008). Furthermore, the sport-
based models do not provide an indication of the specific decision-making processes 
(Mascarenhas, Collins, & Mortimer, 2005). For these reasons, further research with a 
greater number of umpires may guide the development of an umpire specific decision-
making model. 
The elimination process used by Aaron and Lachie in this study highlighted the 
complexities associated with the decision-making process in Australian football. This is 
akin to other sports, where umpire decision-making has been identified as a complex 
process (Ollis et al., 2006). Based on this qualitative analysis, two decision-making 
heuristics illustrating the elimination process for two different scenarios were 
developed. Figure 5.5 illustrates the elimination process for a tackle situation, and 
Figure 5.6 identifies the elimination process for a marking contest.  
 
     
 
 
Figure 5.5. Decision-making heuristic for a tackle situation. 
     
 
 
Figure 5.6. Decision-making heuristic for a marking contest. 
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Comparison of the two decision-making heuristics highlights that one of the 
challenges associated with understanding the decision-making process in Australian 
Football is that the elimination process is situation specific. This finding alone suggests 
that current sport based decision-making models such as the Decision-Making in Sport 
Model (Farrow & Raab, 2008) may not be appropriate to fully understand the decision-
making process of Australian football umpires. The Decision-Making in Sport Model 
states that the decision-making process is consistent for each game situation. The 
current investigation, however, indicates that there may not be a consistent process for 
every in-game decision, as the decision-making process varies between in-game 
situations. Both Figure 5.5 and 5.6 illustrate a similar elimination process for each 
decision, however the number of options and the potential cognitive load associated 
with the specific the game situation (e.g., tackle, mark, ruck contest) is potentially 
different. Therefore, to adequately describe Australian football umpires‟ in-game 
decision-making process there must be consideration of the different decision-making 
process that occurs during different game situation. Further, this may indicate that 
future Australian football umpire training programs should not generalise the decision-
making process, but incorporate programs that are structured to enhance situation 
specific decision-making processes. This may potentially reduce the cognitive load 
associated with the in-game decision-making process of that specific situation and 
potentially accelerate decision-making skill development.  
As the decision-making heuristics in this study are based on the decision-making 
processes of three umpires, further investigations are needed to ensure all possible 
options are included in the decision-making heuristics. A research study with a greater 
number of umpies would also enable decision-making heuristics to be developed for all 
decision-making scenarios in Australian football. This would further enhance the 
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current video-based testing and training methods used in Study 1 and 2. The current 
study examined the reliability and validity of the video-based test with consideration of 
expert Australian football umpires and coaches understanding of the decision-making 
process. However, the development of decision-making heuristics for each decision 
scenario may enable the development of video-based testing tools that aim to 
incorporate the processes associated with each game situation. Further, with increased 
investigation into the development of decision-making heuristics for in-game decision-
making, there is potential to guide the development of a decision-making model specific 
to Australian football umpires, which may inform future umpire decision-making 
training programs.  
 
CONCLUSION 
This study makes a significant contribution to the perceptual-cognitive literature 
as it was the first study to investigate whether participation in an AFL video-based 
decision-making training program transfers to umpire in-game decision-making 
performance. Further, this study was also the first to use a qualitative methodology to 
identify the cognitive processes that contribute to Australian football umpires‟ decision-
making.  
Findings of the current study supported the notion of skill transfer between video-
based training and in-game decision-making performance, with all three participants 
improving their in-game decision-making performance from the first two games to the 
last two games analysed. This study provides initial evidence that video-based decision-
making training can enhance in-game decision-making performance. Therefore, 
confirming that there is potential for skills developed through video-based training to 
transfer to in-game decision-making performance. 
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Decision-making skills are fundamental to the umpiring process in all sports 
(Helsen & Bultynck, 2004), however there has been little investigation of the processes 
that contribute to the in-game decision-making of umpires. The findings of the current 
study identified six themes that related to the in-game decision-making process (e.g., 
decision evaluation, player intention during game-play) and in-game umpire 
performance (e.g., anticipation, game-play instructions, player education, knowledge of 
game-play). This study makes a significant contribution to the knowledge by providing 
initial evidence of the potential factors that contribute to and/or affect the in-game 
decision-making process of Australian football umpires. These findings have lead to the 
development of decision-making heuristics which may provide a better understanding 
of Australian football umpires‟ decision-making process than current sport-based 
decision-making models (Farrow & Raab, 2008). Further pursuit of the factors that 
significantly impact the in-game decision-making process of Australian football 
umpires is needed to ensure the development of a specific decision-making model 
which may inform future umpire decision-making training programs.  
The results from this study provided an enhanced understanding of the decision-
making process of Australian football umpires. The results should however, be 
considered in respect to methodological limitations. First, due to the design of this 
study, only three participants were included for analysis, and one participant (i.e., 
James) was not an overly verbose individual and had difficulty articulating his 
responses. It is recommended that further investigations are conducted with larger 
sample sizes to confirm the current findings and/or identify any other factors that may 
contribute to decision-making performance. Second, participants were umpiring games 
during the 2010 BFL season while completing the video-based decision making 
program. As all participants had between 140 and 400 games of umpiring experience 
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prior to commencing the program, it is unlikely that the umpiring a further 12 games 
during the program would have had a significant effect on their performance. 
Furthermore, as normal umpire training focuses mainly on physiological demands 
related to umpiring it was not believed this would impact on umpires‟ in-game decision-
making performance. However, future studies that aim to investigate the possibility of 
skill transfer from video-training to in-game performance should consider comparisons 
with a control group who only complete normal umpire training. Findings from such a 
study would provide a more rigorous understanding of whether video-based training has 
a significant impact on in-game performance. 
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CHAPTER 6 
SUMMARY, CONCLUSION AND IMPLICATIONS 
 
Decision-making is a key component of an umpire‟s in-game performance 
(Helsen & Bultynck, 2004) with the umpire‟s decisions potentially determining the 
outcome of the match (Broad, 2009). Despite the importance of correct decision-
making, little training time is allocated to decision-making skill development, 
(Catteeuw et al., 2009). Recently, video-based tools have be used to develop training 
programs to enhance sporting officials decision-making performance (Catteeuw, Gilis, 
Jaspers et al., 2010; Catteeuw, Gilis, Wagemans et al., 2010; Mascarenhas, Collins, 
Mortimer, & Morris, 2005; Schweizer et al., 2011). Despite the encouraging findings 
for the use of video-based training programs, a major limitation with these 
investigations (Catteeuw, Gilis, Jaspers et al., 2010; Catteeuw, Gilis, Wagemans et al., 
2010; Mascarenhas, Collins, Mortimer, & Morris, 2005; Schweizer et al., 2011) is the 
lack of reported validity and reliability of the tests implemented.  
Although reliability and validity has not been established, skill acquisition 
research has identified that video-based programs contribute to improved performance 
on video-based assessment (Abernethy et al., 1999; Catteeuw, Gilis, Jaspers et al., 2010; 
Farrow & Abernethy, 2002; Gabbett et al., 2007; Mascarenhas, Collins, Mortimer, & 
Morris, 2005; Schweizer et al., 2011; Williams et al., 2003). However, only one 
investigation has examined whether decision-making training performance transfers to 
actual in-game competition (Gorman & Farrow, 2009). A further limitation associated 
with the skill acquisition literature is that to date, the cognitive processes that contribute 
to skilled performance have not been considered. Therefore, empirical evidence is 
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needed to demonstrate the potential transfer of decision-making skills from video-based 
training programs to in-game performance. Research is also required to understand the 
cognitive processes that contribute to in-game performance.  
This dissertation is unique because it was the first study to assess, train and 
determine the cognitive processes of Australian football umpires‟ decision-making 
performance. The overall aim of this dissertation was to examine whether a video-based 
decision-making program could improve decision-making performance of Australian 
Football umpires. To investigate this, three studies were conducted.  
 
STUDY 1 SUMMARY 
The use of video-based testing measures has increased in the contemporary skill 
acquisition literature (Abernethy & Russell, 1987; Berry et al., 2008; Farrow et al., 
2010; Gorman & Farrow, 2009; Helsen & Starkes, 1999; Savelsbergh et al., 2002), 
although few studies have reported the validity and reliability of these measures 
(Gabbett et al., 2007). An issue with invalidated testing instruments is they may not 
measure what they claim to measure (Thomas et al., 2011), and it is not possible to 
verify the reliability of the results obtained (Hopkins, 2000). As a result, an invalidated 
testing instrument is unsuitable to monitor performance changes between testing periods 
(Hopkins, 2000).  
Study 1 addressed this gap in the literature by (i) developing a video-based testing 
tool to examine the decision-making skill of Australian football umpires; and (ii) 
establishing the validity and reliability of this test prior to using this measure to assess 
decision-making performance. Review of 36 elite level Australian football games 
provided 156 video-clips of infringement-based decision-making situations. The clips 
were extensively tested for validity (face, content and construct) and reliability (test re-
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test reliability). By considering the stages of the Sport Decision-Making Model (Farrow 
& Raab, 2008) and Cornerstones Model for Refereeing Performance (Mascarenhas, 
Collins, & Mortimer, 2005) face validity was established, and a facilitated session with 
an expert panel of current AFL umpires and elite level umpire coaches enabled content 
validity to be determined. Further, construct validity of the clips was assessed by 
determining whether the test could discriminate known skill level differences. Finally, 
test re-test reliability was conducted to determine the stability of individual responses to 
the video clips.  
A total of 48 clips were considered valid and reliable and were included in the 
video-based decision-making test. As these clips provided an accurate and consistent 
measure of decision-making performance, they could be used to confidently detect 
decision-making performance improvements during a video-based decision-making 
training program.  
 
STUDY 2 SUMMARY 
The importance and value of correct decision making has been highlighted in the 
umpiring literature (Mascarenhas, Collins, & Mortimer, 2005) however, the majority of 
Australian football umpire training time is allocated to physical fitness and skills 
training (i.e., bouncing the ball). Consequently, limited time is allocated to enhancing 
decision-making skills, and therefore to date in-game umpiring is the best source of 
decision-making practice (Catteeuw et al., 2009; MacMahon et al., 2007). Video-based 
training programs have improved perceptual-cognitive skills of athletes (Abernethy et 
al., 1999; Farrow & Abernethy, 2002; Gabbett et al., 2007; Smeeton et al., 2005; 
Williams et al., 2003), and decision-making performance of sporting officials 
(Catteeuw, Gilis, Jaspers et al., 2010; Catteeuw, Gilis, Wagemans et al., 2010; 
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Mascarenhas, Collins, Mortimer, & Morris, 2005; Schweizer et al., 2011). An 
associated limitation of these investigations is the reliance on explicit instruction during 
the training phase, which may accelerate the early stages of learning but may lead to 
decreased performance in stressful conditions (Masters, 1992; Raab, 2003; Smeeton et 
al., 2005). Therefore, Study 2 contributed to current knowledge by investigating 
whether participation in a discovery style video-based program (i) improved umpires‟ 
decision-making performance; and (ii) whether the effects of video-based decision-
making training differed between experienced and less experienced umpires.  
Decision-making performance of metropolitan and regional Victorian division one 
Australian football umpires was measured on three occasions during the training 
program (pre, post, and retention test). Video-based training was administered once a 
week and each session contained between 60-225 video-based scenarios, with a total of 
1040 video scenarios presented during the 12 week program. In contrast to other video-
based training investigations (Gabbett et al., 2007; Mascarenhas, Collins, Mortimer, & 
Morris, 2005; Williams et al., 2003) no explicit instructions or feedback was provided 
to the participants.  
Results indicated that following training there was a significant decision-making 
improvement in the intervention group. Further, less experienced umpires showed 
significant improvement in decision-making performance from pre-test to retention test. 
This study enhanced contemporary video-based training knowledge (Catteeuw, Gilis, 
Jaspers et al., 2010; Mascarenhas, Collins, Mortimer, & Morris, 2005; Schweizer et al., 
2011) by demonstrating that perceptual-cognitive skills can be improved without the 
need for explicit instruction or feedback. Further, following training, the decision-
making performance of the less experienced umpires was comparable to experienced 
umpires who did not undertake any additional training. Therefore, there is potential for 
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video-based training programs to accelerate the development of Australian football 
umpires‟ decision-making skills without the need for extensive time commitments 
and/or in-game experience (i.e., 10 years or 10,000 hours as previously suggested 
[Chase & Simon, 1973; Ericsson et al., 1993]) Study 2 provides evidence for the 
implementation of video-based decision-making programs to improve Australian 
football umpires‟ decision-making performance.  
 
STUDY 3 SUMMARY 
 Numerous studies have reported improved perceptual-cognitive skills following 
participation in video-based training programs (Catteeuw, Gilis, Wagemans et al., 2010; 
Farrow & Abernethy, 2002; Gabbett et al., 2007; Gorman & Farrow, 2009; 
Mascarenhas, Collins, Mortimer, & Morris, 2005; Schweizer et al., 2011; Smeeton et 
al., 2005), although it remains unclear whether these skills transfer to in-game 
performance. Investigations have assessed positive skill transfer in “mock” or simulated 
game situations (Farrow & Abernethy, 2002; Gabbett et al., 2007; Smeeton et al., 2005), 
however, only one investigation has examined whether decision-making training 
performance transfers to actual in-game competition (Gorman & Farrow, 2009). 
Findings from Gorman and Farrow‟s study were inconclusive as in-game performance 
was only considered in one game following training which may not enable detectable 
improvements in decision-making performance to be observed. Therefore, further 
evidence is needed to determine whether video-based training programs improve in-
game decision-making performance. 
With the growing body of umpire decision-making research (Catteeuw et al., 
2009; Catteeuw, Gilis, Jaspers et al., 2010; Catteeuw, Gilis, Wagemans et al., 2010; 
Larkin et al., 2011; MacMahon et al., 2007; Mascarenhas, Collins, & Mortimer, 2005; 
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Mascarenhas, Collins, Mortimer, & Morris, 2005; Schweizer et al., 2011), it is 
imperative to understand the cognitive processes that are involved in umpire decision-
making. A current umpire performance model (Cornerstones Model of Refereeing 
Performance) indicates that decision-making is a fundamental component to in-game 
performance (Mascarenhas, Collins, & Mortimer, 2005) yet, little research has 
investigated the cognitive processes that contribute to umpire decision-making. To 
address these gaps in the literature, Study 3 aimed to: (i) investigate and describe the 
cognitive processes that support the in-game decision making of umpires; and (ii) 
determine whether decision-making skills transferred from video-based decision-
making training to in-game performance.  
Study 3 employed a case study design, incorporating a parallel mixed method 
approach to enable the collection of both quantitative and qualitative data of three 
umpires during the 2010 BFL season. The quantitative data provided an indication of 
decision-making skill transfer and included: (i) video-based decision-making test 
scores; and (ii) in-game decision-making accuracy of five BFL games the participants 
umpired. The qualitative data was collected via two techniques: (i) in-game verbal 
reports; and (ii) semi-structured interviews. The in-game verbal reports were recorded at 
each game with the umpires instructed to „think out loud‟ to provide information about 
their in-game decision-making process. The semi-structured interviews were conducted 
to provide additional information on the umpires‟ cognitive decision-making processes. 
In the interview, each umpire was presented with eight video clips of decision-making 
incidents that the umpires had officiated, and an additional two video clips that the 
umpires did not officiate. The two clips were the same for all umpires. The umpires 
were encouraged to provide their decision-making process for each clip with additional 
open-ended questions asked to gain further insight into their decision-making processes.  
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In-game performance results indicated that the decision-making performance of 
all three participants improved during the training intervention, which may be attributed 
to participation in the decision-making training program. This finding addresses a 
current gap in the literature, as it supports the notion of positive transfer from video-
based training to in-game performance. Thus, confirming the potential for video-based 
training to improve in-game performance. However as the results do not provide a 
direct link between in-game performance and video-based training, further investigation 
with a more sensitive transfer measure is required to empirically demonstrate a positive 
relationship between video-based training and in-game performance.  
This investigation was the first to use qualitative analysis to provide a description 
of the cognitive processes that contributed to Australian football umpires‟ decision-
making. Results identified several themes (decision evaluation; player intention during 
game-play; anticipation; game-play instructions; player education; and knowledge of 
game-play) that contribute to in-game decision-making performance. The findings 
contributed to the description of the in-game decision-making process of Australian 
football umpires through the development of decision-making heuristics. The decision-
making heuristics portray the elimination process the umpires used to make a decision 
and this may provide a better description of the in-game decision-making process than 
current sport-based models of decision-making (Farrow & Raab, 2008).  
 
CONCLUSION 
The present dissertation was designed to extend the current skill acquisition 
literature by assessing, training and understanding Australian football umpires‟ 
decision-making skill. The findings demonstrated the capacity to develop a valid and 
reliable video-based test to assess the decision-making skill of Australian football 
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umpires. The video-based decision-making training program developed in Study 2, 
extended previous literature by incorporating a longer training program using minimal 
explicit instruction. Results identified decision-making performance improvements for 
the intervention group that were not simply a result of test familiarity. Furthermore, a 
significant finding from the investigation was the potential for video-based training to 
improve the decision-making performance of less experienced umpires, so that they 
were equivalent to experienced umpires. This finding highlighted the potential 
application of video-based training within umpire training programs to accelerate 
decision-making skill acquisition.  
In addition to the positive training results, the dissertation also provided a unique 
contribution to the literature by assessing whether skills trained via video-based 
methods transfer to in-game performance. The results offer initial evidence for positive 
skill transfer to in-game performance, however further investigation is needed to 
empirically demonstrate a significant association between video-based training and in-
game performance.  
Another unique contribution of this dissertation is the investigation of the 
cognitive processes that contribute to Australian football umpires‟ decision-making 
performance. The findings demonstrated that in-game decision-making is a complex 
and challenging process that varied dependent on the context of the game. Umpires used 
an elimination process to make infringement decisions, with this process dependent on 
the game situation. As the Decision-Making in Sport Model (Farrow & Raab, 2008) 
describes decision-making as a consistent process for all decision situations, this model 
may not adequately explain Australian football umpires‟ decision-making process. 
Therefore, future investigations may consider the development of a decision-making 
model specific to Australian football umpires that could be used to inform future umpire 
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training programs. This will ensure new testing and training programs adequately assess 
and develop Australian football umpires‟ decision-making skills.  
 
PRACTICAL IMPLICATIONS 
The evidence provided in this dissertation indicates a number of practical 
implications for the assessment and development of umpire decision-making 
performance. In regards to talent identification, the video-based test developed within 
the current dissertation can be employed to assess current umpire performance and/or 
experience. As suggested in Study 1 and 2, there is a decision-making skill advantage 
held by experienced umpires. Therefore, there is potential for video-based methods to 
be a valuable tool for the assessment and screening of future umpire talent. Also, video-
based measures could be used for skill benchmarks, with video-based tests used to 
monitor individual progression within the Australian football umpire system, and 
potentially inform decision-making practice.  
The effect of video-based training on decision-making performance suggests that 
less explicit methods of instruction can significantly improve decision-making 
performance of Australian football umpires. This performance improvement was 
especially evident in the less experienced umpire group. Currently, the best source of 
decision-making practice is the games that umpires officiate (Catteeuw et al., 2009; 
MacMahon et al., 2007). The problem associated with this method of practice is that 
umpires can only practice decisions witnessed during the game. Therefore, it could be 
several years before an umpire is exposed to certain uncommon infringement situations. 
The benefit of video-based training is the program can incorporate examples of all 
possible infringements, both common and uncommon that may require years of umpire 
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experience to encounter. Therefore, video-based training may provide a better learning 
environment to facilitate the acquisition of decision-making skills. 
This dissertation (and Study 2 specifically) indicated that video-based training 
accelerates the decision-making performance of less experienced umpires. This can 
potentially have major implications for the AFL who reported that a factor which 
contributes to umpires quitting and/or retiring from umpiring was dissatisfaction with 
the current coaching approach, including outdated training activities or a poor training 
environment (Australian Football League., 2011). Therefore, innovative training 
programs, such as video-based training, may provide a structured training environment 
for the development of decision-making skills. In addition, this may reduce the attrition 
rate by presenting a large quantity of decision-making situations, potentially 
accelerating decision-making performance of first and second year umpires without the 
need for extensive in-game officiating experience.  
From an umpire coaching perspective, as there are no physical requirements, 
injured umpires will be able to refine and/or maintain decision-making skills without 
the need for in-game performance. Furthermore, as there is minimal coach involvement 
(due to the discovery nature of the program), there is potential for training to be 
available to regional based umpires who cannot attend formal training sessions. There is 
also potential for an external training packages to be developed for regional and/or 
lower level umpires using technology such as the internet or a DVD package.  
 
FUTURE DIRECTIONS 
From this dissertation, several areas that require further investigation have been 
identified. It is anticipated that these areas would enable further understanding of 
umpire decision-making performance.  
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As this dissertation is the first of its kind, further research using video-based 
decision-making testing and monitoring of umpires‟ in-game performance will provide 
additional understanding and enable the current findings to be confirmed or refuted. 
Further investigations will continue to build an evidence base for umpire decision-
making testing and training.  
The results of this dissertation point to an obvious need for studies to continue to 
explore the effects of video-based decision-making training on in-game performance, 
particularly as many studies to date have not considered the validity or reliability of the 
testing measure. This dissertation paves the way for implementation of higher quality 
testing measures to improve the understanding of whether video-based training 
positively contributes to decision-making performance. It is possible that the validated 
and reliable video-based test implemented in this study may be modified for use in 
future decision-making studies. 
Consistent with previous investigations (Catteeuw, Gilis, Wagemans et al., 2010; 
Mascarenhas, Collins, Mortimer, & Morris, 2005; Schweizer et al., 2011) the findings 
of the current video-based program illustrated improvements in decision-making 
performance. As all data collection for this study was conducted with local level 
umpires (Ballarat Football Umpires Association, Geelong Football Umpires League and 
Victorian Amateur Football Association Umpire Association), further research should 
be conducted: (i) replicating this study with a larger more diverse umpiring population 
and (ii) with the inclusion of a placebo group. This will establish whether decision-
making training has positive effects on umpires that officiate within different leagues 
and/or levels.  
    181 
 
As the video-based program included several different training activities (e.g. Full 
Event Viewing, At Event Viewing and Multiple Clip Viewing), experimental 
comparison of activities within the video-based program would be fruitful for 
developing decision-making skills. This would enable further understanding of the 
activities that contribute to improved umpire decision-making performance and may 
inform subsequent umpire training programs.  
Although in-game performance improvements were observed and confirmed via 
the quantitative and qualitative in-game performance analysis, only three umpires were 
analysed. Therefore, further studies that focus extensively on the relationship between 
video-based training and in-game decision-making performance are required to confirm 
the findings reported in Study 3. Furthermore, additional qualitative research on 
umpires‟ decision-making process is required to progress the decision-making schema 
developed in this study. Further development of the decision-making heuristics, by 
assessing a greater number of in-game situations, would enable the construction of an 
Australian football umpire specific decision-making model, and better inform umpire 
decision-making development programs.  
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 Australian Football is a game played between two teams of 22 players. 
 18 players are only permitted on the playing field at any one time. 
  There are 4 other players on the interchange bench, 3 of which can be changed 
at any time in the game and one player who is a substitute. 
 There are no set zones within the playing area (the oval), so during the game a 
player can move to any part of the playing area.  
 An oval shaped ball is used and is moved through the playing area via two 
different methods, a kick or handball. 
o Kick – the player uses the foot to strike the ball to a team mate. 
o Handball – the player holds the ball in the palm of one hand and hits the 
ball with the clenched fist of the other hand. 
 The aim of the game is to outscore your opponents by kicking the ball through 
the goals. The goal consists of four posts which make three scoring areas. The 
middle scoring are is the goal are and consists of two larger posts. Next to the 
goal area are two areas that consist of the behind area. This area is designated by 
one of the large goal posts and smaller point post. There are two types of scores 
which can be awarded to a team, a goal or a behind. 
o Goal – is worth 6 points and is scored when the ball is kicked between 
the two middle goals posts. The ball does not have to go over the line on 
the full, but cannot be touched by any other player before it crosses the 
line.  
o Behind – is worth 1 point and is awarded in several circumstances. 
 The ball passes over the line of the two sections of the goals next 
two the middle goal posts. 
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 The ball hits the two larger goal posts. 
 The ball is touched by a player before it crosses the line. 
 A defending player carries the ball over the goal line. 
 
 Even though players can move to any part of the playing area, each player will 
normally be assigned to a specific role, defender, midfielder, or forward. 
 Generally there are 6 players in each specific role. 
 Defenders – usually formed by two lines of three players, with a full-back line 
(closer to the goal they are defending) and a half-back line (further from the goal 
they are defending). The role these players have is to prevent the opposition 
from scoring, while also instigating attacking movements.  
 Midfielders – the midfield consists of three different roles.  
o Ruckman – typically the tallest player, challenges for the ball at the 
restart of play. They aim to tap the ball out of the air to a teammate.  
o Centremen – a player who aims to gain possession of the ball from the 
ruckman to set up an attacking movement. 
o Rover – typically a player who follows the ball and gains possession 
from the centremen or ruckman and attempts to set up attacking 
movements. 
 Forwards – usually formed by two lines of three players. The first line of players 
is the full-forward line that are positioned closer to the goals they are scoring in 
and the half-forward line who are positioned between the full-forward line and 
the midfielders. The role of the forward is to gain possession of the ball and 
score by kicking the ball through the goals.  
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Information here is provided from the 2011 Australian Football Laws of the Game 
(Australian Football League, 2012a). 
Australian Football: the contest played between two Teams competing in 
accordance with these Laws. 
Match: the contest of Australian Football played between two Teams. 
Umpire: includes all of the field umpires, controlling and non-controlling 
officiating the match. 
Controlling Umpire: Umpire in immediate control of the game at that specific 
moment, before switching with the non-controlling umpire to rest. 
Non-controlling Umpire: Umpires who are not in immediate control of the 
game, but will switch with the controlling umpire during a break in play. 
Team: the group of Players competing against another group of Players in a 
Match of Australian Football. 
Player: a person who plays or is selected to play with a Team or a person who 
otherwise trains with a Team or who is within the purview of these Laws. 
Goal: A goal is scored when the football is kicked completely over the Goal Line 
by a Player of the attacking Team without being touched by any other Player, 
even if the football first touches the ground, recording of 6 points 
Out of Bounds: means the football passes completely over the Boundary Line or 
touches a behind post or touches padding or any other attachment to the behind 
post but before doing so, touches the ground or is touched by a Player. If any 
portion of the football is on or above the Boundary Line, the football is not Out of 
Bounds. 
Ruck Contest: The centre bounce or ball up shall be contested by one nominated 
Player from each Team. Such Player shall be nominated to the field Umpire prior 
to the bounce or throw of the football. The Player shall not be permitted to block 
an opponent‟s approach to the contest.  
Marking the Football: A Mark is taken if, in the opinion of the field Umpire, a 
Player catches or takes control of the football: 
(a) Within the Playing Surface; and 
(b) After it has been Kicked by another Player a distance of at least 15 metres; and 
    207 
 
c) Which has not touched the ground or been touched by another Player during the 
period 
Play On: the verbal and visual instruction given by a field Umpire to indicate that 
a Free Kick or Mark will not be awarded and play will continue 
In Possession of the Football 
A Player is in possession of the football if, in the opinion of the field Umpire: 
(a) The Player is holding or otherwise has control of the football; 
(b) The Player is in the act of bouncing the football; or 
(c) The Player dives or lies on top of or drags the football underneath their body. 
 
Disposing of the Football 
Correct Disposal 
A Player Correctly Disposes of the football if the Player Kicks or Handballs the 
football. 
Kick or Kicking: in relation to disposing of the football, means making contact 
with the football with any part of the Player‟s leg below the knee. 
Handball: the act of holding the football in one hand and disposing of the football 
by hitting it with the clenched fist of the other hand. 
 
Free Kick: A Free Kick means that possession of the football is given to a Player 
of the Team who is awarded the Free Kick, after which play shall continue. 
Free Kicks Relating to Disposal of the Football 
Incorrect Disposal and Payment of Free Kick: When the football is in play, a 
Free Kick shall be awarded against a Player who hands the football to another 
Player or throws the football. 
Throw: shall be given its ordinary meaning, but also includes the act of 
propelling the football with one or both hands in a scooping motion. A Player 
does not throw the football if the Player hits, punches or taps the football without 
taking possession of the football. 
 
Permitted Contact 
 A Player may make contact with another Player: 
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(a) By using their hip, shoulder, chest, arms or open hands provided that the 
football is no more than 5 metres away from the Player; 
(b) By pushing the other Player with an open hand in the chest or side of the body 
provided that the football is no more than 5 metres away from the Player; 
(c) By executing a Correct Tackle; 
(d) By executing a Shepherd provided that the football is no more than 5 metres 
away from the Player; or 
(e) If such contact is incidental to a marking contest and the Player is legitimately 
Marking or attempting to Mark the football. 
 
Correct Tackle 
(a) For the purposes of these Laws, a Player executes a tackle correctly if:  
(i) The Player being held is in possession of the football; and 
(ii) That Player is held (either by the body or playing uniform) below the 
shoulders and above the knees. 
(b) For the avoidance of doubt, a tackle may be executed correctly by holding a 
Player from the front, side or behind, provided that a Player held from behind is 
not pushed in the back. 
 
Shepherd 
A Shepherd is using the body or arm to push, bump or block: 
(a) A Player who does not have possession of the football and who is no further 
than 5 metres away from the football at the time when the push, bump or block 
occurs 
 
Prohibited Contact 
A field Umpire shall award a Free Kick against a Player where they are satisfied 
that the Player has made Prohibited Contact with an opposition Player. A Player 
makes Prohibited Contact with an opposition Player if the Player: 
(a) makes contact with any part of their body with an opposition Player; 
(i) Above the shoulders (including the top of the shoulders or bump to the head); 
or 
(ii) Below the knees. 
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(b) Pushes an opposition Player in the back, unless such contact is incidental to a 
Marking contest and the Player is legitimately Marking or attempting to Mark the 
football; 
(c) holds an opposition Player who is not in possession of the football; 
(d) pushes, bumps, blocks, holds an opposition Player or deliberately interferes 
with the arms of an opposition Player, who is in the act of Marking or attempting 
to Mark the football; 
(e) Pushes, bumps, holds or blocks an opposition Player when the football is 
further than 5 metres away from the opposition Player or is out of play; 
(f) Pushes, bumps, holds or blocks an opposition Player who is contesting a 
bounce or throw by a field Umpire or boundary throw in; 
(g) Charges an opposition Player; 
(h) Trips or attempts to trip an opposition Player, whether by the use of hand, arm, 
foot or leg; 
(i) Kicks or attempts to kick an opposition Player, unless contact is accidentally 
made whilst the Player is kicking the football; 
(j) Strikes or attempts to strike an opposition Player, whether by hand, fist, arm, 
knee or head; 
(k) Holds or throws an opposition Player after that Player has disposed of the 
football; 
(l) Engaging in rough conduct against an opponent which in the circumstances is 
unreasonable; 
(m) Kicking or attempting to Kick the football in a manner likely to cause injury; 
or 
(n) Bumps or makes forceful contact to an opponent from front-on when that 
Player has their head down over the football. 
 
Free Kicks Relating to Possession of the Football 
Holding the Football — Prior Opportunity/No Prior Opportunity 
Where the field Umpire is satisfied that a Player in possession of the football, has 
had a prior opportunity to dispose of the football, the field Umpire shall award a 
Free Kick against that Player if the Player does not kick or Handball the football 
immediately when they are Correctly Tackled 
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Diving on Top of the Football 
Where a Player is in possession of the football by reason of diving on top of or 
dragging the football underneath their body, the field Umpire shall award a Free 
Kick against that Player if they do not immediately knock the football clear or 
Correctly Dispose of the football when Correctly Tackled. 
Football Held to the Body of a Player – Ball Up 
The field Umpire shall bounce the football when a Player, in the act of applying a 
Correct Tackle, holds the football to the body of the Player being tackled or the 
football is otherwise pinned to the ground.  
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APPENDIX 4: PRE-TEST INSTRUCTIONS TO PARTICIPANTS 
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Below are the instructions provided to the participants at the commencement of the 
video-based tests.  
The video presentation will commence with a yellow screen to indicate the trial number. 
You will then be shown a video clip that presents a common in-game passage of play. 
During the presentation of the video please refrain from making comments about the 
game or distracting other participants from watching the footage. At some point the 
footage will stop and the screen will turn blue with the words “Make your decision”. 
During this time you are required to make a decision based on that game-play 
information. Your decision should only be based on the information provided in the 
video clip and not what you would have seen if you were looking from the perspective 
of the on-field umpire. You will record your decision on the page provided. You will 
indicate whether there was an infringement by circling either yes, or no. You will then 
indicate what team gave away the free kick by circling the team logo. Finally you will 
provide a reason for your decision. Please provide as much detail as possible for your 
decision. Abbreviations of your ruling are accepted, for example holding the ball can be 
HTB.  
 
During the time you are recording your answer can you please refrain from talking to 
other participants and please keep your answer to yourself. Following the six second 
answering time, the screen will turn red to indicate the impending trial. The yellow trial 
number screen will be presented again followed by the next in-game situation.  
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APPENDIX 5: PARTICIPANT QUESTIONNAIRE 
 
  
Sporting History 
Questionnaire 
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AFL Umpires Research Project 
 
Name: ________________ Age: _________ League: ________ 
 
Gender (add X to indicate): Male □ Female □ 
 
Australian Football Umpiring Questions 
Approximately how many Australian football games have you UMPIRED? 
_____________ 
 
 
State the different levels of competition you have UMPIRED indicating approximate 
games and years UMPIRED: 
  
Level Training Load Games Years participated Age Started 
e.g. VFL 2 x week 120 6 years 22 
          
          
          
          
 
 
Australian Football Playing Questions 
 
 
Have you ever PLAYED Australian football? 
□ Yes  □ No 
 
Approximately how many Australian football games have you PLAYED? 
_____________ 
 
 
State the different levels of competition you have PLAYED indicating approximate 
games and years PLAYED: 
 
Level Training Load Games Years participated Age Started 
e.g. BFL 2 x week 50 4 years 16 
          
          
          
          
 
  
Sporting History 
Questionnaire 
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Watching Australian Football Questions 
How often do you WATCH Australian football on the TELEVISION? 
Approximately _________ games/month 
 
How often do you go to WATCH an Australian football game LIVE? 
Approximately _________ games/month 
 
 
Other Sporting Experience 
 
Have you ever umpired/officiated another sport? 
□ Yes  □ No 
 
 
If so, please state 
Sport Levels Games Years participated Age Started 
e.g. Soccer Local 50 2 years 20 
e.g. Soccer State 20 1 year 22 
          
          
          
          
          
     
 
 
Have you ever played another sport? 
□ Yes  □ No 
 
 
If so, please state 
Sporting Activity Training Load Highest Level participated Years participated Age Started 
e.g. Cricket 3 x week Local League 6 years 14  
          
          
          
          
          
 
 
Thank you for completing this form 
 216 
 
 
APPENDIX 6: STUDY 3 INTERVIEW GUIDE 
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The following questions provide the guide for the questions asked during the 
presentation of each video-clip. 
Whenever possible during the interview the questions were presented in this order. 
 
Q1. Please describe what you were thinking during this passage of play. If during that 
time you know when you made the decision, please note that as well. 
Q2. Please describe the visual information that led you to paying the free kick presented 
in that clip? 
Q3. Explain how you came to this conclusion in this passage of play rather than a 
different outcome (insert appropriate infringement here- e.g., holding the ball rather 
than ball up)? 
Q4. When viewing the footage now, explain whether this reinforces a correct decision 
or makes you question that decision.  
Q5. Does this vantage point reflect in game decision making? 
Q6. If you were teaching a first year umpire how to umpire, what would be some of the 
important information from this situation should they be looking for? 
 
 
 
 
